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Vast areas of the United States are underlain by caverniferous 
limestone. Conservatively estimated, there are at least 10,000 acces- 
sible caves in these limestone areas, with a collective total length of 
penetrable passages of fully 1,000 miles. Many caves, especially in 
(1) the Appalachian Valley and Plateau, (2) the Interior Low 
Plateaus, (3) the lime sink region of northern Florida, (4) the 
Ozark Plateau, and (5) the Edwards Plateau of Texas, are richly 
populated by animal life which, until recently, has received scant 


1 Presented at the 1959 Annual Meeting of the American Association for 
the Advancement of Science, December 28 sponsored by the National Speleo- 
logical Society and the Society of Systematic Zoology. Arranged by Thomas 
C. Barr, Jr. 
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attention from American zoologists. Although the first obligatory 
cavernicoles from the United States were described in 1842 (DeKay) 
and 1844 (Tellkampf), cave faunas generated little interest until 
the explorations of A. S. Packard (compiled and summarized in 
1888). North American cave vertebrates were surveyed by Eigen- 
mann in 1909, but most invertebrates have been neglected. As late 
as 1931 Bolivar and Jeannel could write: 


; les naturalistes américaines n’ont enterpris aucune étude 
sérieuse de la faune de l’immense domaine souterraine qui s’offre a 
leurs investigations. On chercherait en vain dans les collections des 
Musées un seul cavernicole dont la capture date du XX¢ siécle! 


As the contributions of this symposium amply demonstrate, this 
situation no longer exists. 

Obligatory cavernicoles exhibit an unusually striking correlation 
between structural modification and their peculiar environment, pro- 
viding a ready source of material well suited for investigations in 
community dynamics, comparative physiology and ethology, evolu- 
tion, and zoogeography. Such investigations presuppose a body of 
taxonomic information which, for most of the United States, has 
heretofore been wholly inadequate. Extensive collecting during the 
past decade and critical work by a number of specialists have resulted 
in rapid advances — principally, though not wholly, taxonomic in 
nature — in American biospeleology. Reviews of these advances in 
eight different groups of cavernicoles are brought together in the 
present symposium.! 

The classification of cavernicoles, perhaps unfamiliar to Ameri- 
can readers, employed by most of the contributors is that of Schidédte 
(1849) and Schiner (1853), modified and popularized in Europe by 
Racovitza (1907). Troglobites are animals found only in caves, except 
by accident (e.g., being washed out of caves by flooding of under- 
ground streams), and are so modified that they are unable to live 
outside of caves and associated solutional cavities. Examples are dis- 
cussed by each symposium author. Troglophiles are animals found 
frequently in caves, reproducing there and completing their life 
cycles underground, but having no rudimentations restricting them 
to a cave existence. Trogloxenes are animals often found in caves, 
but not completing their whole life cycle underground. The best 
known examples are bats and cave crickets. The term accidental is 
usually applied to stray visitors, occurring fortuitously and fleetingly 
within caves. It should not be confused with threshold trogloxene, 
an expression properly reserved for a member of the array of animals 
habitually frequenting the twilight zone of caves. 

The immediate problems facing biospeleology in the United 


1 The following paper is not available for publication at this time: T. L. 
Poulson: “The sequential development of cave adaptation in the Amblyopsidae.” 


In addition, the paper delivered by C, H. Krekeler has been published else- 
where (see References, page 8). 
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States are those of discovering, collecting, and describing the troglo- 
bitic species. The present status of troglobite taxonomy can be as- 
certained by examination of the checklist prepared by Brother G. 
Nicholas and appended to this symposium. Approximately two hun- 
dred fifty species have been described. The greatest numbers of 
species are found in the Coleoptera (97), Amphipoda (34), Diplo- 
poda (34), and Isopoda (24). The greatest numbers of individuals 
include these groups, plus the Collembola and Araneae. 

Problems in the systematics of cavernicole turbellarians, cray- 
fishes, millipedes, collembolans, rhadiniform carabids, pselaphids, 
pseudoscorpions, and opilionids are discussed in the papers which 
follow. Despite this wide coverage, at least nine troglobite groups 
of major importance are not represented in the symposium con- 
tributions. 


(1) Snails. Undoubted troglobites occur in the families Amnicolidae and 
Pleuroceridae. One species of Carychium (Carychiidae) is an abundant ter- 
restrial troglobite in the Mammoth Cave region. A number of species (some 
undescribed) of Helicodiscus (Endodontidae) and Retinella (Zonitidae) from 
Tennessee and Kentucky are troglophiles or troglobites. 


(2) Isopods (Asellidae) and (3) amphipods (Gammaridae) can be found 
in almost any cave stream in the major caverniferous areas. The species of the 
latter are somewhat better known at present because of the work of Hubricht 
and Mackin (1940) and Hubricht (1943). The cave asellids demand consid- 
‘ erable further investigation. Three trichoniscid (terrestrial), one ligiid 
“ (aquatic), and one cirolanid (aquatic) isopods have been described. 


(4) Spiders. Most troglobite species of araneids in the United States 
belong to the families Linyphiidae and Nesticidae. Troglophiles and trog- 
loxenes of other families are locally very abundant. A comprehensive study 
of North American cave spiders is being undertaken by Dr. W. J. Gertsch 


(pers. comm.), Department of Insects and Spiders, American Museum of 
Natural History. 


(5) Five species of Plusiocampa (Campodeidae, Diplura) have been de- 
scribed from caves in the United States (Condé 1949). They occur in all 
of the major limestone areas. 


(6) Trechine beetles (Carabidae). This large and significant group of 
troglobites is perhaps better known than any of the others, principally because 
of the work of J. Manson Valentine ¥1931, 1932, 1937, 1945, 1948, 1952). 
Jeannel (1949) revised the species known at that time, and additional genera 
and species have been added by Valentine (1952), Krekeler (1958), and 
Barr (1959a, 1959b, 1960a, 1960b). The largest genus, Pseudanophthalmus, 
is known from the Interior Low Plateaus and Appalachian Valley and Pla- 
teau in the eastern United States, from Pennsylvania to Georgia, and west to 


Indiana, Tennessee, and Kentucky. More than half of the described taxa 
are known from a single cave. 


(7) The cavernicole beetles of the subgenus Adelops (Ptomaphagus, 
Catopidae) were revised by Jeannel (1949) and one species was added by 
Barr (1958). Eight troglobite and one troglophile species (P. cavernicola 
Schwarz) have been described. The troglobite species are most abundant in 
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northern Alabama and southern Tennessee, with one species each in central 
Tennessee and central Kentucky. 


(8) Amblyopsid fishes. Three eyeless species are recognized in a revision 
of this family by Woods and Inger (1957). They are restricted to the In- 
terior Low Plateaus and part of the Ozark Plateau. 


(9) Plethodontid salamanders. The genera Typhlotriton and Typhlomolge 
have been known for more than sixty years. Haideotriton wallacei Carr was 
described in 1939. Of considerable interest are the recent discoveries of 
Gyrinophilus palleucus (McCrady 1954) and Eurycea troglodytes (Baker 
1957). Whether Typhlotriton nereus Bishop or the various subspecies of 
Eurycea neotenes Bishop and Wright are to be considered troglobites or trog- 
lophiles seems debatable. The status of Gyrinophilus lutescens (Rafinesque) 
certainly cannot be satisfactorily determined without further study. 


Little attention has been devoted to the ostracods, copepods, and 
other small aquatic crustaceans of the subterranean waters of the 
United States (Klie 1931; Chappuis 1931 and 1933). Among major 
groups of terrestrial cavernicoles, the abundant and diversified Acar- 
ina, at least some representatives of which occur in nearly every cave, 
have been almost wholly neglected. 

Geographic isolation as a major factor in cavernicole speciation 
was stressed by nearly all the symposium contributors. Few other 
biotopes exhibit in so salient a manner the influence of extrinsic 
barriers to genetic continuity. The most spectacular cases of intense 
troglobite speciation are found among the beetles and the millipedes. 
Of 98 described species and subspecies of troglobite carabids, 54 are 
known only from a single cave. Twenty-eight are known from as 
many as 5 caves. Only 7 are known from 10 or more caves. Park 
(this symposium) gives similar data for the pselaphids. Similar esti- 
mates for cave millipedes are not yet possible. However, Causey (this 
symposium; pers. comm.) believes that the intensity of cave ende- 
mism in the millipede genus Pseudotremia (Cleidogonidae) ap- 
proaches that of Pseudanophthalmus (Carabidae). The systematic 
picture emerging from study of such groups strongly suggests a dom- 
inant role for genetic drift, but the possibility of varying selection 
pressures in different cave systems has not been investigated. 

By no means are all troglobites narrowly restricted in geographic 
distribution. On the contrary, there extends a spectrum of range 
size from the “one-cave-one-taxon” extreme to whole cave systems, 
groups of adjacent systems, physiographic provinces, and virtually 
the entire unglaciated Paleozoic limestone portion of the eastern 
United States. Even the cave carabids include a few surprisingly 
vagile species. Neaphaenops tellkampfi abounds in the Mammoth 
Cave district of west-central Kentucky and extends (with minor 
racial variations) northward to the Ohio River (Jeannel 1949) and 
southward to the Tennessee border (Barr 1959a). Darlingtonea ken- 
tuckensis — another large, cursorial species with similar habits — 
occurs in large numbers from Rockcastle County, Kentucky, south- 
westward along the ragged margin of the Cumberland Plateau into 
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northern Tennessee.2 Pseudanophthalmus tiresias is a small, usually 
secretive species whose range is coextensive with the Central Basin 
of Tennessee, though local populations are subject to considerable 
geographic (supposedly subspecific) variation (Barr 1959a). Among 
the pselaphid beetles, two cavernicole species of Batriasymmodes 
(spelaeus and quisnamus) have such wide distributions that Park 
(this symposium) characterized them as “bothersome” because of 
the difficulty of explaining their subterranean dispersal by the usual 
means. In Batriasymmodes, however, the remarkably complex male 
genitalia provide virtual assurance of gene exchange throughout the 
known ranges of the species. 

The more common aquatic troglobites have consistently more 
extensive ranges than most terrestrial troglobites, possibly because sub- 
terranean watercourses are less likely to be destroyed by erosion and 
collapse or blocked by silting and dripstone deposition, and probably 
because dispersal occurs beneath the water table under certain cir- 
cumstances. The kenkiid planarian Sphalloplana alabamensis is 
known from the Cumberland Plateau of northern Alabama, northward 
into the Central Basin, Cumberland Plateau, and Appalachian Valley 
of Tennessee, in caves of the Cumberland and Tennessee River drain- 
ages (L. H. Hyman, pers. comm.). The amphipod Stygobromus 
exilis, described by Hubricht (1943) from the Mammoth Cave district, 
extends southward through central Tennessee into northern Alabama 
(L. Hubricht, pers. comm.). The eyeless crayfish Orconectes pellucidus 
is known from the Mitchell plain in southern Indiana, the western 
Pennyroyal Plateau of Kentucky, and the Cumberland Plateau of Ken- 
tucky, Tennessee, and Alabama. Five subspecies are recognized (Hobbs 
and Barr, in preparation). Typhlichthys subterraneus, the cave blind- 
fish, is known from scattered colonies across central Kentucky and 
Tennessee to Missouri, Oklahoma, and northern Alabama (Woods 
and Inger 1957). 


The most unusual and puzzling troglobite distributions, however, 
are those of the linyphiid cave spiders Willibaldia cavernicola (Mis- 
souri, Arkansas, Alabama, Georgia), Bathyphantes weyeri (Virginia, 
Kentucky), Anthrobia monmouthia (Kentucky, Tennessee, West Vir- 
ginia), and Phanetta subterranea (Pennsylvania west to Indiana and 
south to Virginia, Tennessee, and Alabama) .? It seems doubtful that 
such extensive ranges can be explained by dispersal through caves and 
solution crevices, yet none of these species is known from an epigean 
collection. 


It is significant that six of the ten symposium participants men- 
tion the occurrence of related species in the same drainage system. 
That such a correlation should exist is quite probable in a limestone 


2 Collected January, 1959, in Copperas Saltpeter Cave, Clinton Co., Ky., 
and Sells Cave, Fentress Co., Tenn. (T.C.B.) ; data from unpublished records. 

8 Distributions based on material collected by the writer and determined 
by W. J. Gertsch. 


a 
ef 
i 
i 


6 Tue AMERICAN MIDLAND NATURALIST 64(1) 


terrain, where subterranean erosions proceeds concomitantly with sur- 
face erosion, and many cave streams are demonstrable tributaries of 
surface streams. Dispersal of a troglobite species is thus believed to be 
facilitated by a ramifying network of solutional openings beneath the 
slopes of valleys occupied by surface streams (cf. Barr 1959a and this 
symposium; Park, this symposium). Yet so many serious anomalies 
arise when this concept is hard-pressed (most commonly the occur- 
ence of one or two related species across a divide near the headwaters 
of an adjacent drainage system) that its pattern value may be critical- 
ly questioned. 

Although surface and subterranean erosion can and do take place 
in a limestone terrain simultaneously, they may not proceed at the 
same rate (Piper 1932), and surface and subterranean divides may not 
necessarily coincide. Furthermore, a large part of underground erosion 
is believed to take place beneath the water table (Bretz 1942). Ter- 
restrial troglobites are distributed via the abandoned channels of 
ancient underground systems, the boundaries of which can conceiv- 
ably overlap those of surface drainage basins. By a combination 
of overlap and underground stream piracy, hypothetical mechanisms 
can be elaborated by which a continuous system of solutional openings 
can extend completely through a limestone ridge separating two sur- 
face drainage basins. Ridges of insoluble clastic rocks, on the other 
hand, are very effective barriers. For example, the upper Elk River 
valley and the headwaters of Battle Creek are separated by the thick 
sandstones of the Cumberland Plateaus, which is less than three miles 
wide near Monteagle, Tennessee. On the west side of the Plateau (Elk 
drainage) the crayfish Orconectes pellucidus australis (Rhoades) and 
the cave fish Typhlichthys subterraneus Girard are abundant. In the 
Battle Creek valley caves years of exploration have never revealed 
Typhlichthys. Troglobitic crayfishes, though abundant, are not Orco- 
nectes but Cambarus hamulatus Cope and Packard (Hobbs and Barr, 
this symposium). Trechine carabids (Pseudanophthalmus intermedius 
Val., P. lodingi humeralis Val.) occur west of the Plateau, but a pro- 
longed search for them in Battle Creek valley has been unproductive. 
When a limestone barrier is involved, the situation may be quite differ- 
ent. In the southeastern corner of the Central Basin of Tennessee, the 
valleys of the Elk and Duck Rivers are separated by Elk Ridge, com- 
posed of Ordovician limestone and capped with loose shale and chert. 
Pseudanophthalmus tirestas tullahoma Barr and an undescribed species 
of the millipede genus Scoterpes (det. by Nell B. Causey) occur in 
Duck valley caves in Coffee County and also in Elk valley caves in 
Bedford and Moore Counties. A distance of 12 to 15 miles intervenes. 

Not only geomorphology but stratigraphy and geologic structure 
determine subterranean avenues of dispersal, and the student of 
cavernicole distribution can ill afford to ignore the contributions of 
these fields. Unfortunately for zoologists the investigation of cave 
origin and groundwater flow in limestone terrains is yet in its in- 
fancy For further details the reader is referred to the germinal works 
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of Cvijié (1918), Martel (1921), Davis (1931), Piper (1932), and 
Bretz (1942), and to the reviews of Warwick (1953), Thornbury 
(1954), and Barr (1954, 1960c). 


The contributions of biospeleology to the study of geographic 
isolation and its effect on speciation are considerable, yet the fore- 
going observations suggest that the vagility of different animals and 
the variable, usually incompletely known extent of different cave 
systems must be taken into account in individual cases. Furthermore, 
it must be understood that any provisional conclusions or generaliza- 
tions are (in most instances) predicated upon patently inadequate 
data. It may be unequivocally stated that more collections are needed 
in each group of troglobites now known from the United States. We 
need more specimens of most of the described species in order to 
determine the ranges of morphological variation. We need to know 
with considerable precision the geographic distribution of each taxon, 
requiring collections from as many caves as possible. A priori notions 
of the degree of isolation in individual caves must be abandoned, and 
taxonomic interpretation must rest on morphological and, where 
incontrovertible, geological evidence. Finally, it seems quite probable 
that a substantial number of the extant species of cavernicoles have 
not yet been collected. This extrapolation is justified in two ways: 
(1) repeated visits to biologically rather well-known caves have re- 
sulted in the discovery of rare, previously unknown species; and (2) 
there are still many cave areas in the United States which have never 
been thoroughly investigated by an experienced biospeleologist. 

As stated near the beginning of this discussion, American bio- 
speleology has not fully emerged from the stage of discovery and 
description of cavernicole species. The application of cave studies 
to basic ecological problems must be delayed until at least the pre- 
liminary foundation has been laid by taxonomy. To further such 
groundwork this symposium has been arranged. The following col- 
lection of papers might more properly be designated a “progress 
report” than a symposium. If, however, it serves as a spur to further 
investigation and, for a time, as an introduction to the study of North 
American cavernicole speciation, then its goal will have been achieved. 
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Cave Planarians in the United States 


LIBBIE H. HYMAN 
American Museum of Natural History, New York City 


The occurrence of white, eyeless planarians in cave waters of the 
United States was discovered by A. S. Packard in an exploratory trip 
through the Mammoth and other Kentucky caves in May, 1874; but 
was not mentioned by him in print until 1880 when he gave the ani- 
mal the name Dendrocoelum percoecum. It was not given a proper 
taxonomic study until 1931 when P. de Beauchamp, a French worker 
on Turbellaria, described specimens collected by C. Bolivar and R. 
Jeannel in their tour of North American caves in 1928. De Beau- 
champ ascertained that the worm is not a Dendrocoelum and in fact 
does not even belong to the family Dendrocoelidae. There are, in 
fact, no species of Dendrocoelum in the western world. De Beauchamp 
created for the worm the genus Sphalloplana. He pointed out that 
although the worm looks like a dendrocoelid its pharyngeal muscula- 
ture conforms to the family Planariidae. It cannot be placed in this 
family, however, because it is provided with an adhesive organ. For 
this reason, I in 1937 created the family Kenkiidae for some of the 
white, eyeless planarians of cave waters of the United States. 

Since the work of de Beauchamp, there have been found a num- 
ber of additional species of planarians in the cave waters of the United 
States. There are now known a total of 14 species, two in the genus 
Phagocata of the family Planariidae, 10 in the family Kenkiidae, and 
two in the family Dendrocoelidae. It is the members of the Kenkiidae 
that merit further attention. All are white and eyeless and provided 
with an adhesive organ in the center of the anterior end. This organ 
shows within the family progressive stages of differentiation. In the 
genus Sphalloplana the adhesive organ is a shallow cushion in Which 
the epidermis has been replaced by eosinophilous gland cells. A strong 
muscular provision enables the cushion to be moved in and out. In 
the genus Speophila the adhesive organ is a long tubular gland lined 
with eosinophilous glands and supplied with retractor muscles. The 
most remarkable of the adhesive organs occurs in Kenkia rhynchida, 
collected in an Oregon cave in 1934 by Carl Hubbs. This animal has 
a long snout occupied centrally by a long gland which is distally cy- 
anophilous, proximally eosinophilous. 

Remarkably enough, the adhesive organ shows the same stages of 
progressive differentiation in the Dendrocoelidae as in the Kenkiidae. 
Both the simple cushion-like stage of the organ and the deep tubular 
invagination are seen in genera of the Dendrocoelidae, although no 
counterpart of the condition in Kenkia has as yet been found among 
the Dendrocoelidae. We seem to have here a fine example of parallel- 
ism. 

The cave planarians also illustrate to a marked degree speciation 
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as a result of geographic isolation. The same species may occur in 
caves relatively closely located, but caves separated by, say, the width 
of an average state have different species. In general, each state has 
a distinctive species. It is my belief that the Kenkiidae have evolved 
from the planariid genus Phagocata and through isolation in geo- 
graphically separate caves have undergone extensive speciation. 
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The Origins and Affinities of the Troglobitic Crayfishes 
of North America (Decapoda, Astacidae). 
|. The Genus Cambarus 


HORTON H. HOBBS, JR. and THOMAS C. BARR, JR. 


University of Virginia and Tennessee Polytechnic Institute 


One of the most interesting phases of the history of crayfish 
dispersal and modification is that associated with the origins of trog- 
lobites. There are a few generalizations which can be drawn con- 
cerning the distributions and the origins of the several stocks which 
have engendered populations that have been able to meet the de- 
mands of a subterranean existence. In order to gain the proper 
perspective of the distributional relationships of the cavernicolous 
crayfishes with their epigean relatives,.a brief summary of the dis- 
tributions of the four genera with hypogean representatives is 
presented. 

The largest genus in the family Astacidae, Procambarus, com- 
prises more than 100 species and subspecies of which six are true 
troglobites. The range of the genus extends from Cuba, Guatemala 
and Honduras northward to Illinois and southern New England. 
Most of the species are found in the southeastern parts of the United 
States and Mexico where they are confined largely to the Coastal 
Plain and Piedmont Provinces. Only in Mexico have representatives 
been able to cross the divide into the Pacific drainage. The six 
albinistic species and subspecies are known only from Florida (4), 
Veracruz, Mexico (1), and Pinar del Rio, Cuba (1); that from the 
latter has not been described. 

The monotypic genus Troglocambarus is known only from caves 
in the Florida peninsula. 

The genus Orconectes, the second largest in the family, is com- 
posed of approximately 60 species and subspecies, and among them 
five troglobitic taxa have been recognized. The range of this genus 
is largely confined to the Mississippi and Great Lakes drainage systems, 
but a few species have reached the extreme southeastern part of the 
United States, and two occur east of the Appalachian system in an 
area extending from Maine to Virginia. The hypogean representa- 
tives are found in the Interior Low Plateaus of southern Indiana, 
central Kentucky and Tennessee, and northern Alabama. 

The genus Cambarus, comprising some 40 species and subspecies, 
is represented by six troglobitic species within the United States. Its 
range extends from the Gulf of Mexico (Texas to northern Florida) 
to Canada; however, most of the species occur in the eastern part of 
the United States, along the slopes of and in streams arising in the 
Appalachian Mountains. The present discussion concerns the 
cavernicoles of this genus. 
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It is of interest that the genus Cambarus, which has the largest 
number of cave species (six), is smaller than Procambarus or Orco- 
nectes. This fact immediately poses the question of what factors, 
intrinsic or extrinsic, have favored the cambarids in their becoming 
established in subterranean waters a greater number of times than 
have the procambarid or orconectid stocks. Insufficient data are at 
present available to answer this question, for no comparative study 
of cavernicolous adaptations in crayfishes has yet been made. Until 
such data are available, explanations that may be offered are scarcely 
more than conjectures. It does seem appropriate to point out, how- 
ever, that it is usually one of the species of Cambarus which causes 
the farmer difficulty with his spring. Apparently much of the life of 
the crayfishes frequenting springs is spent in tunneling about their 
mouths and exploring the subsurface channels from which the water 
issues. Furthermore there is considerable evidence that crayfishes 
have, through their burrowing powers, succeeded in diverting the 
flow of water away from its original exit, causing a spring to “go 
dry.” As a result of such explorations in the sources of springs, animals 
may reach some of the large subterranean channels and pools. In 
some karst areas surface waters frequently have periodic or continu- 
ous communication with subterranean passages, thus providing ready 
access of hypogean habitats to most of the surface-dwelling cray- 
fishes. Thus, the cambarids do not have exclusive “first rights” to 
the availability of spelaean habitats. 

It is worthy of mention that two of the three areas in which the 
subterranean cambarids are known to occur are at the edge of the 
present range of the genus. Only Cambarus latimanus (LeConte, 
1856:402), Cambarus floridanus Hobbs (1941:110), and Cambarus 
diogenes diogenes Girard (1852:88) have ranges that extend south- 
east of that of the albinistic C. cryptodytes, and their ranges extend 
less than 75 miles beyond it to the southeast. Only the ranges of C. 
d. diogenes and C. hedgpethi Hobbs (1948:224) extend west of those 
of C. setosus and C. hubrichti. The remaining three species, C. hamu- 
latus, C. jonesi, and C. cahni, occur well within the range of the 
genus and perhaps not too far from its probable center of origin. It 
is puzzling that the large number of caves in the Appalachian Valley, 
the area which is dominated by cambarids, is devoid of albinistic 
crayfishes of any kind. In Barterbrook Cave, Augusta County, Vir- 
gihia, occurs a small population of C. bartonii bartonit (Fabricius, 
1758:407) in which the animals are distinctly lighter in color — 
cream and pale blue for the most part — but other than in reduced 
pigment, they are like the epigean forms. Specimens collected from 
a spring issuing from beneath the hill which houses the cave are 
typical in every respect. While this reduction of pigment is probably 
an ecophenotypic expression, there are no experimental data avail- 
able to indicate that albinism in troglobitic crayfishes is not also 
ecophenotypic. The fact that pigment has been observed in both 
Procambarus lucifugus alachua (Hobbs, 1940: 402) where it occurs 
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in open sinkholes, and in Cambarus setosus (see below) at least opens 
the question as to whether or not the albinistic crayfishes are actually 
albinos in the usual sense. 

Cambarus tenebrosus Hay (1902: 232), a pigmented species 
known from the Mammoth Cave region and to the south in Tennes- 
see, frequently invades subterranean streams, but other than having 
smaller eyes than most surface-dwelling crayfishes, it exhibits no read- 
ily recognizable special modifications associated with cave life. 

Cambarus cahni represents one of the most interesting forms 
which has found a congenial habitat in the subterranean waters. This 
species, reported only from Belgreen Cave, Franklin County, Ala- 
bama, is said by Rhoades (1941: 140) to be white with eyes “greatly 
reduced, though not to the extent found in hamulatus,” and “is inter- 
esting because it shows affinities to both cave and surface forms’ 
(ibid.: 141). Preserved specimens that are almost identical with 
the types of this species are available from several caves and streams 
in southern Tennessee and northern Alabama except that they are 
not white. Many of them were pale green, gray or tan, but the albi- 
nistic form has been reported only by Rhoades. The eyes of the types 
of cahni apparently are not any less well-developed than are they 
in the similar specimens from other caves in the area. Both C. tene- 
brosus and C. cahni are probably troglophiles. 


THE ORIGIN OF THE TROGLOBITIC CAMBARID FAUNA 


The troglobitic cambarids seem to fall into three distinct groups: 
the Extraneus Groups represented by Cambarus hamulatus and C. 
jonesi; the Tenebrosus Group, by C. cahni and C. hubrichti; and the 
Asperimanus Group, by C. setosus and C. cryptodytes. The groups 
are designated by the trivial names of the epigean species which seem 
to be close relatives of the hypogean forms. Thus it is suggested from 
the outset that the troglobitic cambarid assemblage is a_poly- 
phyletic one. 

The areas inhabited by these crayfishes comprise three geographi- 
cally disjunct cave regions: the Ozark region in which is found C. 
setosus and C. hubrichti; the Tennessee Valley in northern Alabama 
and southern Tennessee occupied by C. hamulatus, C. jonesi, and C. 
cahni; and the Florida Panhandle region, in which C. cryptodytes is 
the only representative, known from a single locality. 


The Extraneus Group. —In this assemblage are found the most 
generalized members of the genus (Reasons for considering it thus 
are beyond the scope of the present paper but the reader is referred 
to Ortmann, 1905). The group is restricted to the eastern portions of 
the Tennessee and Cumberland drainage systems and the northern 
part of the Alabama drainage system. That C. hamulatus and C. 
jonest are found in the cave region bordering the Tennessee River is 
not at all surprising. Both on morphological and distributional bases, 
it seems that C. extraneus, C. hamulatus, and C. jonesi share a com- 
mon ancestry that is not too remote. The epigean C. extraneus 
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frequents moderate to large streams where the water flows rapidly 
over a rock-strewn bed. 

Among the distinctive features that they share are rostra with 
well-defined marginal spines, relatively broad areolae, chelae that 
are not conspicuously setose (except in jonesi), and remarkably sim- 
ilar annuli ventrales. 

The Tenebrosus Group.— Only four species belonging to this 
group have been described: C. tenebrosus, C. ornatus Rhoades (1944: 
144), C. hubrichti, and C. cahni. The range of the group extends 
from the “lower Kentucky River drainage and short tributaries to 
the Ohio above Louisville” (Rhoades, 1944: 145) south and south- 
eastward to northern Alabama. West of the Mississippi it is repre- 
sented by C. hubrichti. The epigean forms, C. tenebrosus and C. 
ornatus, are encountered most frequently in springs, small headwater 
streams, and the former, in a number of caves within its range. There 
seems to be little doubt that C. cahni has been derived from a surface 
stock that was scarcely different from the southern form of C. tene- 
brosus, for as pointed out above, preserved specimens of the two 
species (in which the color has faded from the latter) are almost 
indistinguishable. Larger series of both from northern Alabama and 
southern Tennessee are needed to determine the limits of variation 
in both. 

The affinities of Cambarus hubrichti are not quite so clear, for it 
apparently represents a relict form; at least its range is not contigu- 
ous with the known ranges of C. tenebrosus and C. ornatus. It is 
suggested that sometime during the Tertiary the range of the ances- 
tral stock of the Tenebrosus Group extended westward from Ken- 
tucky and Tennessee to the eastern edge of the Ozark Plateau. What 
events occurred in the Pleistocene or Recent to bring about an anni- 
hilation of the epigean stock from the Mississippi Valley and the 
area to the west are not known, but it seems clear that a segment of 
it, C. hubrichti, was preserved in the subterranean waters. 

These four species share the following characteristics: a broad 
areola which constitutes (usually) more than 38 percent of the entire 
length of the carapace; small eyes (very much reduced and without 
pigment in C. hubrichti) ; an elongate, rather robust chela that is not 


distinctly costate laterally, and without conspicuous groups of long 
setae. 


The Aspertmanus Group.—Typically, the members of this group 
frequent cool riffles or mountain streams. Although the range is a dis- 
continuous one, most of the species occur in streams of the Western 
and Eastern Highland Rims of Tennessee, the Cumberland Plateau, 
and the Great Smoky Mountains. The albinistic C. setosus occurs in 
caves in southwestern Missouri and C. cryptodytes is found in one of 
the subterranean water systems of the Panhandle of Florida. These 
two troglobites are here considered to be relicts of a previously much 
more widely distributed stock. The Florida species, located several 
hundred miles south of the most southern limit of the range of pres- 
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ently existing epigean species of the group, suggests that its ancestors 
moved southward into southern Alabama or northern Florida during 
one or more glacial epochs of the Pleistocene. Assuming, tentatively, 
that such dispersal occurred, the epigean members may have been 
unable to survive the warming trend following glacial retreat. But a 
segment of this stock, the progenitors of C. cryptodytes, found a com- 
bination of tolerable environmental conditions in the subterranean 
waters of the northern portion of the Florida Panhandle. Perhaps 
it was also during the Pleistocene that the ancestors of C. setosus 
became established in the Ozark Plateau. It does not seem unreason- 
able to suppose that the ancestral stock attained the interior of the 
Ozark Plateau at the southern highly dissected margin of the Spring- 
field upland by dispersal up the White River and into the James. 
Furthermore, if this route was followed, it seems probable that the 
stock moving into the area from the east would have had to cross what 
is now the Mississippi Valley before the river and the lower reaches 
of its tributaries became mud-bottomed streams, a type of habitat in 
which no member of the group is found at the present time. 

Why C. hubrichti should occur only in the eastern part of the 
plateau and C. setosus in the west cannot be explained on the basis 
of available data. Various hypotheses may be advanced; for example, 
setosus may have colonized the caves earlier than hubrichti, the an- 
cestors of which were unable to compete successfully with an estab- 
lished cavernicole species in the western part of the White River 
drainage, but were able to occupy a similar vacant niche in the 
eastern part of the plateau. There is little evidence to favor this 
over several alternative hypotheses. 

The characteristics common to most of the members of the 
Asperimanus Group are: chelae with a single cristiform row of tu- 
bercles along the inner surface of the palm and with conspicuously 
setiferous fingers; setae long and often prominent on the palm; and 
the mesial process of the first pleopod usually elongate and frequently 
situated some distance proximal to the central projection. 


KEY TO THE TROGLOBITIC CRAYFISHES OF THE GENUS CAMBARUS 
2(1’) Rostrum without marginal spines and margins gently contracted 
cephalically so that acumen is not distinctly delimited basally 


2’ Rostrum with or without marginal spines but margins always sudden- 

ly contracted so that acumen is distinctly delimited basally................ 3 
3(2') Areola more than 10 times longer than broad....Cambarus setosus Faxon 
3’ Areola less than 10 times longer than broad ~...00.0.000.2...200cccececeeceeeceeeeees 4 
4(3') Chela with many long conspicuous setae....Cambarus jonesi, sp. nov. 
4’ Chela with few conspicuous setae, none of which are long .................... 


5(4’) Rostrum and postorbital ridges with prominent spines...................... 


.Cambarus hamulatus (Cope and Packard) 
5’ Rostrum and postorbital ridges with very small or obsolete spines 
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ANNOTATED List oF SPECIES 


Cambarus hamulatus (Cope and Packard) 
(Figs. 1-10) 

Orconectes hamulatus Cope and Packard 1881, Amer. Nat., 15:879, 880-882, 
Pl. VII, figs. 1, a-b.; Faxon 1884:145. [Type locality: Nickajack Cave, 
Marion County, Tennessee.] 

Cambarus hamulatus Faxon 1884: 145; Faxon 1885: 7, 81-83, 43, 45, 59, 
84, 85, 161, 170, 174, 3 figs.; Packard 1888: 40-42, 1 fig.; Faxon 1890: 
628; Parker 1890: 154, 155; Lénnberg 1894a: 126; Lénnberg 1894b: 4, 
5, 9; Hay 1899: 959, 966; Ortmann 1902: 277; Hay 1902: 435-437; 
Harris 1904: 59, 67, 101, 116, 151, 154, 162; Ortmann 1905: 118, 120, 
121, 127; Faxon 1914: 422; Ortmann 1931: 95, 96; Creaser 1931: 6, 7; 


Fleming 1939: 299, 300, 301, 302, 303, 310, 311; Rhoades 1941: 146, 
147, 148; Hobbs 1941: 114; Hobbs 1952: 689, 693. 


Diagnosis.—Albinistic; eyes reduced and without pigment; ros- 
trum with prominent marginal spines and a long acumen, margins 
only slightly converging, its upper surface concave without a median 
carina; postorbital ridges terminating cephalically in spines; areola 
broad and long, seven or eight times longer than broad and from 40 
to 43 percent of the length of the carapace; one to several lateral 
spines present on each side of carapace; cephalolateral portion of cara- 
pace often with several small spiniform tubercles; chela not conspicu- 
ously setose but with ciliated tubercles, some of these arranged in 


several rows along inner surface of palm; hooks on ischiopodites of 
third pereiopods in male. First pleopod of male and annulus ventralis 
of female as figured. 


Range.—C. hamulatus seems to be confined to the Sequatchie uplift near 
the juncture of the Tennessee and Sequatchie rivers. Tennessee—Marion 
County: Nickajack Cave (Cope and Packard, 1881); Winehouse Cave (Hay, 
1902); Ship Cave, Coppinger Cove, Sequatchie River drainage (T.C.B.) ; 
Honeycutt Cave, Sweden’s Cove, Tennessee River drainage by Battle Creek 
(T.C.B.); Speegle Saltpeter Cave, Speegle Cove, Tennessee River drainage 
by Battle Creek (T.C.B.); Lost Pig Cave, Sweden’s Cove, Tennessee River 
drainage by Battle Creek (T.C.B.). Franklin County: Salt River Cave, Ten- 
nessee River drainage by Crow Creek (J.N. Dent; T.C.B.). [The record cited 
by Rhoades (1941:-148), Shelta Cavern, Huntsville, Madison County, Ala- 
bama is for Cambarus jonesi (see below) ]. 

Remarks.—The stream in Nickajack Cave is very large, with a 
minimum channel depth (corrected for damming at mouth) of three 
feet, and is navigable for 2000 feet through a huge passage averaging 
60 to 80 feet wide and 40 feet high. Before construction of Hales Bar 
and Guntersville Dams, the Tennessee River was subject to frequent 
flooding, and floodwaters backed up into the cave. There are no 
sand or gravel bars. In discussing the habits of C. hamulatus in 
Nickajack Cave, Hay (1902:435-436) states that “it was not until I 
began to look for them under rocks in the cave stream that I found 
how common they were. They appeared habitually to live under such, 
where they scooped out a cavity in which to lie and from which they 
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Figs. 1-10.—Cambarus hamulatus. 1. Mesial view of first pleopod of male, 
form I; 2. Annulus ventralis; 3. Lateral view of first pleopod of male, form I; 
4. Mesial view of first pleopod of male, forni II; 5. Epistome; 6. Lateral view 
of first pleopod of male, form II; 7. Dorsal view of carapace of male, form I; 
8. Basipodite and ischiopodite of third pereiopod of male, form I; 9. Antennal 
scale; 10. Upper view of distal podomeres of cheliped of male, form I. 
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seemed seldom to travel. When disturbed, if they sought to escape, it 
was by crawling away rather than by swimming, and they would 
seldom move more than a few feet. Most often, however, they would 
lie perfectly still, and after the cloud of mud caused by raising the 
stone had cleared away, they could be seen lying quietly in their cavity 
or treading the mud to avoid being covered up. They were easily 
caught in the hands, as even after they had been touched they made 
no great effort to get out of danger. Indeed, in one case, I let a large 
specimen drop back into the water and a minute or so later found it 
lying at my feet; it had sunk like a stone and had not tried even to 
crawl away. They seemed to be totally devoid of the senses of sight 
and hearing, and the sense of touch did not seem to be nearly as well 
developed as in C. pellucidus [=Orconectes p. pellucidus].” 


Cambarus jonesi,! sp. nov. 
(Figs. 11-20) 
?Cambarus (Cambarus) hamulatus Rhoades, 1941: 148 (in part). 


Diagnosis.—Albinistic ; eyes reduced and without pigment; rostrum 
with small marginal spines and acumen of moderate length, margins 
converging cephalically, its upper surface concave, without a median 
carina; postorbital ridges terminate cephalically in spines; areola 
broad and long, 5.4 to 6.8 times longer than broad with four to six 
punctations across narrowest part, and constituting from 41.2 to 44.9 
percent of the length of the carapace; a single lateral spine present 
on each side of carapace; cephalolateral portion of carapace granu- 
late; chela studded with many conspicuous long setae; hooks on ischi- 
opodites of third pereiopods in male. First pleopod of male terminat- 
ing in two parts which are strongly recurved, with the apices of both 
terminals in the first form male directed proximocaudally. Annulus 
ventralis as figured. 


Holotypic Male, Form I.—Body subovate, slightly depressed. Abdomen 
narrower than thorax (8.9 and 10.7 mm in widest parts respectively). Width 
of carapace greater than depth in region of caudodorsal margin of cervical 
groove (10.2 and 7.8 mm). Greatest width of carapace near midlength of 
areola. 

Areola moderately broad (5.5 times longer than wide) with five puncta- 
tions across narrowest part; cephalic section of carapace about 1.4 times longer 
than areola; length of areola about 41.2 percent of entire length of carapace. 

Rostrum with convergent margins which are only slightly thickened; small 
corneous marginal spines delimit base of corneous up-turned acumen which 
extends cephalad almost to distal margin of distal joint of peduncle of anten- 
nule; upper surface of rostrum concave with small setiferous punctations. Sub- 
rostral ridges weakly developed and evident in dorsal aspect for only a short 
distance at base of rostrum. 


Postorbital ridges short and strongly depressed, grooved dorsolaterally, and 


1It is with pleasure that we name this new species in honor of Dr. Walter 
B. Jones, Alabama State Geologist, who has contributed much to our knowledge 
of the geology and the fauna of the caves of Alabama. 
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Figs. 11-20.—Cambarus jonesi, sp. nov. 11. Mesial view of first pleopod 
of holotype; 12. Annulus ventralis of allotype; 13. Lateral view of first pleopod 
of holotype; 14. Mesial view of first pleopod of morphotype; 15. Lateral view 
of first pleopod of morphotype; 16. Basipodite and ischiopodite of third pereio- 
pod of holotype; 17. Upper view of distal podomeres of cheliped of holotype; 


18. Epistome of holotype; 19. Antennal scale of holotype; 20. Dorsal view of 
carapace of holotype. 
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produced cephalad in acute corneous spines. Suborbital angle lacking. Branchi- 
ostegal spine of moderate size and acute. Lateral surface of carapace with a 
small acute, corneous-tipped spine immediately caudal to cervical groove. Sur- 
face of carapace punctate except for weakly granulate cephalolateral portions. 

Abdomen longer than carapace (25.0 and 22.6 mm). Cephalic section of 
telson with two spines in each caudolateral corner. 


Epistome (Fig. 18) with a cephalomedian depression, with raised cephalo- 
lateral borders but without a cephalomedian projection. Antennules of the 
usual form with a prominent spine on ventral surface of basal segment. An- 
tennae extend caudad slightly beyond caudal margin of telson. Antennal scale 
(Fig. 19) with a heavy lateral portion terminating in a long spine; lamellar 
portion comparatively short and broad. 

Chela elongate (Fig. 17), subovate in cross section with palm slightly in- 
flated; entire hand with scattered conspicuously-long setae. Inner surface of 
palm with tubercles forming four somewhat irregular rows, and a prominent 
tubercle on lower surface at base of dactyl; otherwise palmar area with setifer- 
ous punctations. Fingers not gaping. Upper surface of immovable finger with a 
submedian longitudinal ridge flanked laterally by deep setiferous punctations 
and mesially by somewhat shallower ones; lateral margin with a row of deep 
punctations each bearing one to several long setae; lower surface V-shaped in 
cross section and provided with two rows of long setae; opposable margin with 
a row of 11 knob-like tubercles of which the third and fifth from base are 
larger; usual large tubercle lying below this row present at base of distal third 
of finger; a single row of minute denticles extends along distal half of finger. 
Upper and lower surfaces of dactyl similar to corresponding surfaces of im- 
movable finger, but mesial margin tuberculate proximally. Opposable margin 
of dactyl with a row of 15 rounded tubercles between which is a broken row 
of minute denticles; fourth tubercle from base largest. 

Carpus longer than broad with a shallow longitudinal furrow above; entire 
surface of podomere with scattered setiferous punctations. Méesial surface 
with a large spine and lower mesiodistal margin with a similar one; two smaller 
tubercles present between the larger ones. 

Merus with scattered setiferous punctations on all surfaces. Upper surface 
with a band of tubercles; band narrow proximally but broadens distally to 
extend on upper mesial and lateral surfaces of podomere. Lower surface of 
merus with a lateral row of 11 tubercles, ninth from base largest, and a mesial 
row of 13, the distalmost the largest. Ischium with a row of five tubercles 
along lower margin and a group of tubercles on upper margin. 

Hooks on ischiopodites (Fig. 16) of third pereiopods only; hooks strong and 
simple. Coxa of fourth pereiopod with a prominent caudomesial protuberance. 

First pleopod (Figs. 11, 13) extends cephalad to coxopodite of third pereio- 
pod when abdomen is flexed. Tips terminating in two parts which are strongly 
recurved, slender, and with the apices directed caudoproximally. Central 
projection corneous. 


Allotypic Female.—Differs from the holotype in only a few minor details— 
epistome comparatively shorter and cephalomedian depression less well devel- 
oped; opposable margin of immovable finger of chela with a row of eight 
tubercles, the third from base largest; that of dactyl with a row of 12 tubercles, 
the fourth from base largest as in holotype. (See measurements. ) 

Annulus ventralis (Fig. 12) subovate, broader than long, and with an ele- 
vated, rounded caudal wall; a rounded elevation extends from cephalosinistral 
margin caudodextrally to near the median line where its margin forms the 
cephalic wall of the inverted U-shaped sinus; the caudosinistral wall of the 
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elevation descends beneath the sinistral rim of a tongue-like prominence which, 
in turn, passes beneath the afore-mentioned oblique elevation, the separation 
between the two being marked by the sinus. 

Morphotypic Male, Form II.—Differs from the holotype in possessing a 
rostrum, the acumen of which reaches cephalically only to base of distal 
joint of peduncle of antennule, and marginal spines reduced to corneous 
acute tubercles; lateral spines on carapace minute; opposable margin of 
immovable finger of chela with a row of 13 tubercles, the fourth from base 
largest; corresponding margin of dactyl with a row of 19 tubercles, the fifth 
from base largest; caudodextral angle of cephalic section of telson with three 
spines. (See measurements. ) 


First pleopod (Figs. 14, 15) extends to caudal margin of coxa of third 
pereiopods when abdomen is flexed. Two terminal elemenis strongly recurved 
at an angle slightly greater than 90 degrees to the main shaft of the append- 
age, and in contact except at distal extremity. Mesial process extends slightly 
beyond tip of central projection, and neither element corneous. 


Measurements.—As follows (in millimeters) : 


Holotype Allotype Morphotype 


Carapace — height 7.8 10.5 
width 10.7 * 12.5 
length 22.6 21.6 27.4 
Areola — length 9.3 9.1 12.3 
width 1.7 1.6 1.8 
Rostrum — length 4.6 4.4 5.1 
width 3.2 a2 4.0 
Chela — length of inner margin of palm 8.2 7.2 9.6 
width of palm 6.6 5.3 7.2 
length of outer margin of hand 19.5 16.9 24.2 
length of dactyl 10.0 8.5 12.6 


* Carapace flared, measurement not possible. 


Type Locality—Cave Spring Cave, 12.1 miles northwest of Valhermosa, 
Morgan County, Alabama. “Cave Spring Cave is a typical underground 
stream although there are some rooms scattered about here and there. That 
cave is 3,050 feet long, or longer, and the water is quite cold. At times the 
stream is muddy and completely fills many parts of the passage. In fact, one 
cannot go very far back into it in wet seasons. The crayfish fauna is rather 
abundant, and I could easily have taken a gallon of specimens. Cave Spring 
Cave, as does Shelta Cavern, has white fish.” (W. B. Jones, as quoted by 
Rhoades, 1941:144.) The cave has developed in the Tuscumbia (Mississip- 
pian) limestone, and is inhabited by a large colony of bats (Myotis grisescens 
Howell). Earthworms, enchytraeids, spiders (Nesticus sp.), carabids (Pseu- 
danophthalmus lodingi subsp.), Asellus sp., and millipedes (Pseudotremia sp.) 
are rather abundant. The stream is typical for large caves in flat-lying lime- 
stones — broad, shallow basins; deep, still pools; a few riffles over gravel bars. 
A major fork occurs about half a mile from the mouth, with two large pas- 
sages continuing beyond the fork. Maximum water depth is from four to five 
feet, averaging about 12 to 18 inches. 


Dispositions of Types—The holotypic male, form I, and the allotypic 
female are deposited in the United States National Museum, and the morpho- 
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typic male, form II in the Tulane University Collection. Three female and 
one male paratype are in the latter collection, and two female paratypes in 
the collection of the senior author at the University of Virginia. 

Range.—C. jonesi is known from only two localities, that cited above and 
Shelta Cavern, Huntsville, Madison County, Alabama. Although Rhoades’ 
specimen (1941:148) from the latter locality has not been examined, Dr. 
George H. Penn, Jr., has kindly lent us two cambarids collected there by Dr. 
R. D. Suttkus on September 8, 1958, and both of them are females of C. 
jonesi. No other records for C. hamulatus have been recorded from this area, 
and it seems probable that Rhoades specimen was actually C. jonesi. The 
range of C. hamulatus, as pointed out above, is to the northeast. 

Specimens Examined.—Type locality: May 2, 1959 (181, 392) T.C.B. 
and H. R. Steeves, coll.; October 19, 1957 (24 SII, 12) R. D. Suttkus, 
coll. Shelta Cavern: September 8, 1958 (22 2) R.D.S., coll. 


Relationships—Cambarus jonesi has its closest affinities with the 
members of the Extraneus Group. That C. extraneus, C. hamulatus, 
and C. jonesi share a common ancestry that is not too remote was 
pointed out in the discussion above. 


Cambarus hubrichti Hobbs 
(Figs. 21-30) 


Cambarus sp. Hubricht 1950, Bull. Natl. Speleological Soc., 12: 17. 

Cambarus hubrichti Hobbs 1952, Amer. Midl. Nat., 48 (3): 689-693, 8 figs. 
[Type locality: Lewis Cave, 15 mi. N.W. of Doniphan, Ripley County, 
Missouri — SW % NE 4, Sec. 30, T. 25N., R. 1E.] Wells 1957a: 639; 
Wells 1957b: 640; Wells 1959: 5, 7-9, 12-14. 


Diagnosis. — Albinistic; eyes reduced; rostrum without lateral 
spines, sometimes with small corneous tubercles; sides of carapace 
with one to three spines on each side; areola about six times as long 
as broad and 41 to 44 percent of entire length of carapace with five 
punctations across narrowest part; antennal scale broad with distal 
margin of lamellar portion rounded; chelae not studded with con- 
spicuously long setae; hooks on ischiopodites of third pereiopods; post- 
orbital ridges terminating cephalad in spines. First pleopod of male 
and annulus ventralis of female as figured. 


Range.—The range of C. hubrichti appears to be limited to the upper 
drainage of the Eleven Point and Current Rivers, at the eastern edge of the 
Ozark Plateau. It was collected from the type locality by Hubricht (1950) 
and Wells (1957). The latter also found this species in Dewey Minick Cave 
(NE % SW 4%, Sec. 22, T. 25N., R. 4W.) Oregon County, and from Midco 
Cave (NE % SW 44, Sec. 27, T. 27N., R. 2W.) Carter County — both locali- 
ties in Missouri. 

Lewis Cave (type locality) is described by Bretz (1956:431) as large (up 
to 30 feet wide) and spacious for 850 feet from the entrance, then a low, 
wide stoopway, the stream with sand bars here, meandering across the passage. 
In the big part of the cave it runs “noisily” among the chert rubble. The 
mouth opens “at the foot of the valley slope of Big Barren Creek’; the point 
of exit of the stream is not known. 

Midco Cave contains a stream which flows from a pond in the rear of the 
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Figs. 21-30.—Cambarus hubrichti. 21. Mesial view of first pleopod of male, 
form I; 22. Annulus ventralis; 23. Lateral view of first pleopod of male, form 
I; 24. Antennal scale; 25. Basipodite and ischiopodite of third pereiopod of male, 
form I; 26. Epistome; 27. Lateral view of first pleopod of male, form II; 28. 
Dorsal view of carapace; 29. Upper view of distal podomeres of cheliped of 
male, form II; 30. Lateral view of first pleopod of male, form II. 
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cave; below the pond the stream “flows over bed rock which it has faceted 
rather extensively and intensively.” The stream floods occasionally as evi- 
denced by driftwood in the back portions; when the floods occur, it flows out 
of the mouth of the cave but in normal times it finds some lower outlet. The 
cave opens at valley bottom level near Pike Creek (Bretz, 1956:294). 


Remarks.—Wells (1959: 12) in studying the response to light by 
this species discovered that mature animals exhibit no response to 
“illumination of the cephalic region, tail or any other part of the 
body.” “The one juvenile specimen [however] . . . showed marked 
photosensitivity.” The lack of response of adults is contrasted with 
definite response exhibited by C. setosus when light is trained on its 
cephalic region (see below). 

Dr. Wells has kindly permitted us to examine his specimens, and 
Figures 21, 23, and 25, illustrating the first pleopod and the hooks on 
the ischiopodite of the third pereiopod of the first form male, are based 
on his material. 


Cambarus cahni Rhoades 
(Figs. 31-37) 
Cambarus cahni Rhoades 1941, Proc. U. S. Nat. Mus., 91 (3129): 146-148, 
4 figs. [Type locality: Belgreen Cave, NW % SW % Sec. 12, T. 7S, R. 


13W., Franklin County, Alabama.] 
Cambarus cahni Hobbs 1942a: 354; Hobbs 1952: 689, 693. 


Diagnosis.—Albinistic; eyes reduced and with pigment; rostrum 
broadest at base with small lateral spines that are often reduced to 
angles; upper surface of rostrum with a broad median carina; post- 
orbital ridges terminating cephalically in small tubercles; areola mod- 
erately broad, seven to eight times longer than broad and constituting 
36.7 to 40.5 percent of the length of the carapace; a small tubercle 
present on each side of carapace; chela not conspicuously setose, rela- 
tively smooth, and with two or three rows of low tubercles on inner 
surface of palm; hooks on ischiopodites of third pereiopods in male. 
First pleopod of male and annulus ventralis of female as figured. 


Range.—This species is known only from the type specimens. The type 
locality, “Belgreen Cave is a small cave with a very deep underground stream. 
The stream becomes muddy and almost fills the cavern in wet seasons” 
(Rhoades, loc. cit.: 147). 

As indicated, a crayfish that frequents several caves in northern Alabama 
and southern Tennessee is almost indistinguishable from C. cahni except that 
it is pigmented. Rhoades (loc. cit.:146) is probably referring to the same 
crayfish when he writes “I have a female crayfish from Sadler Spring Cave 
that is lightly pigmented on the carapace and dorsum of the abdomen. It 
bears close resemblance to C. cahni ... but I do not place this record 
with C. cahni. .. .” A thorough study of more specimens of the pigmented 
form and of C. cahni must be made before their relationship can be established. 
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Cambarus setosus Faxon 


(Figs. 38-47) 


Cambarus setosus Faxon (in Garman) 1889, Bull. Mus. Comp. Zool., 17 (6): 
237, 5 figs. [Type locality: Wilsons Cave, Jasper County, Missouri]. Faxon 
1890: 621, 625, 628, 630; Parker 1890: 155-157, 161, 1 fig.; Lénnberg 
1894b: 4, 5; Hay 1899: 959, 966; Ortmann 1902: 277; Hay 1902: 436; 
Steele 1902: 7, 16-18; Harris 1904: 59, 123-126, 134, 145, 153, 162; 


Figs. 31-37.—Cambarus cahni. 31. Mesial view of first pleopod of holotypic 
male, form II; 32. Antennal scale of holotype; 33. Dorsal view of carapace of 
holotype; 34. Mesial view of first pleopod of holotype male, form II; 35. An- 
nulus ventralis of allotype; 36. Epistome of holotype; 37. Upper view of distal 
podomeres of cheliped of holotypic male. 
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Ortmann 1905: 118, 120, 121, 127; Faxon 1914: 422; Ortmann 1931: 95; 
Creaser 1931: 6, 7; Creaser and Ortenburger 1933: 15, 16, 17, 22, 41, 1 
fig.; Hobbs 1941: 114; Hobbs 1942b: 163; Burbanck, et al.: 1948: 360- 
367; Hubricht 1950: 17; Hobbs 1952: 689, 693; Williams 1954: 809, 901, 
902-904, 914, 1 map, 8 figs.; Wells 1957a: 639; Wells 1957b: 640; Wells 
1959: 3-12. 

Cambarus ayersii Steele 1902, Pub. Univ. Cincinnati Bull., 2 (10): 7, 18-20, 
50, Pl. VI, fig. 14. [Type locality: Fisher’s Cave, near Springfield, Greene 
County, Missouri.} Faxon 1914: 422; Ortmann 1931: 95; Creaser 1931: 
6-7; Creaser and Ortenburger 1933: 41; Hobbs 1941: 114; Hobbs 1942b: 
163; Hubricht 1950: 17; Hobbs 1952: 689, 693; Williams 1954: 809, 902; 
Wells 1957a: 639; Wells 1957b: 640; Wells 1959: 3-12. 


Diagnosis.—Albinistic, eyes reduced and without a pigment spot; 
rostrum broadest at base, with small lateral spines, frequently asym- 
metrically situated, and sometimes absent; postorbital ridges terminat- 
ing cephalically with or without spines or tubercles; areola very 
narrow (more than 15 times longer than broad), often obliterated 
near midlength; one to several lateral spines on sides of carapace; 
chelae conspicuously setose and with a single well-defined row of 
tubercles along inner margin of palm. First pleopod of male and an- 
nulus ventralis of female as figured. 


Range.—This species is known from definite localities only in the south- 
western part of Missouri, principally in the James River drainage. Christian 
County: Smallins Cave, 7.4 mi. SE. of Galloway. Jasper County: Cave on 
Cool Brook, 7 mi. E. and .5 mi. N. of Carthage; cave on Cool Brook, 8 mi. E. 
of Carthage; Whisner Cave, 2 mi. NW, of Sarcoxie; Wilsons Cave, about 2 
mi. NW. of Sarcoxie; well at Joplin. Greene County: Fishers Cave [now 
known as Sequiota Cave, in the Sequiota State Fish Hatchery in Galloway 
(see Williams 1954: 911)]. Burbanck, et al. (1948: 363) reported a “cave 
crayfish,” presumably C. setosus, from “the mouth” of Wood Cave, about two 
miles from Smallins Cave. Three specimens, only one of which is mature, col- 
lected in northeastern Oklahoma (Cave between Spavinaw and Jay, Delaware 
Co., and Spring Creek, 5 mi. S. of Locust Grove, Mayes Co.) by A. P. Blair 
are tentatively assigned to this species; however, there are reasons to question 
this designation. 

Smallins Cave (NW % SW 4, Sec. 12, T. 27N., R. 21W. in Christian 
Co., Mo.). This is a large stream cave in which the stream is perennially sub- 
ject to “torrential floods.” It is spacious for 600 feet beyond which it is neces- 
sary to wade in deep rimstone pools frequently floored with gravel (Bretz, 
1956: 298). 

Apparently in earlier years Cambarus setosus was much more abundant than 
at present. Fairly good series collected two decades ago are available, but Dr. 
Oscar Hawksley (personal communication), of Central Missouri State College, 
has been in hundreds of the caves in the region with various biology students, 
and he has never seen a troglobitic crayfish in them. 


Remarks.—We are following Williams (1954: 903 )in considering 
ayersii to be a synonym of setosus for among series of specimens of the 
latter may be found all of the characteristics which are said to be 
those of ayersii. Williams (loc. cit.) states that his specimens were 
collected in caves in which “the water was clear and cold. Only one 
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Figs. 38-47.—Cambarus setosus. 38. Mesial view of first pleopod of male, 
form I; 39. Dorsal view of carapace of male, form I; 40. Upper view of distal 
podomeres of cheliped of male, form I; 41. Lateral view of first pleopod of 
male, form I; 42. Antennal scale; 43. Epistome; 44. Mesial view of first pleopod 
of male, form II; 45. Annulus ventralis; 46. Basipodite and ischiopodite of 


third pereiopod of male, form I; 47. Lateral view of first pleopod of male, 
form II. 
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of these specimens has been taken in the twilight zone of a cave in 
the daytime and it was found under a rock. The rest of the collec- 
tions have been made from pools in the region of total darkness in 
the daytime, or have been made near the entrance of a cave. . . at 
night. This is in opposition to the observations recorded by Faxon 
(1899: 227) who stated that C. setosus was active in wells and at 
the mouth of a cave in broad daylight. 


“Crayfishes in the dark regions of the caves did not seem to be 
affected by the light of lanterns. Individuals were found resting in 
open water on the solid rock or mud bottom, and rarely were taken 
from under cover. All of the specimens were easily picked up by 
hand, but they swam feebly when disturbed. This again is in opposi- 
tion to observations recorded by Faxon (1889: 227) who reported 
C. setosus as extremely difficult to capture even if the water was only 
slightly agitated.” 

Additional notes made by Mr. Robert T. Bray (personal com- 
munication) on specimens collected in Smallins Cave include the 
following observations. On April 24, 1949, he collected two speci- 
mens; one was taken from a pool about 235 yards from the entrance 
of the cave where “a faint glimmer of light can be seen from the 
entrance . . .” and this specimen was “neither white nor brown but 
a sort of mixture of the two. The second specimen was taken from 
a pool 20 inches deep, a few feet farther back than the first. No 
light from the entrance can be seen at this point. . . . The tempera- 
ture of the water in these pools is 54°F. All the crayfish I observed 
were affected by the light and moved slowly for cover whenever my 
light was on them.” In October, Mr. Bray sent two additional speci- 
mens to me with the accompanying notes. “Both these specimens 
were taken in the same pool, just eight feet farther back in the cave 
from that of last April. The temperature of the water here as well 
as at the entrance of the cave is 57°F., in contrast to the 54°F. 
recorded last April. So much surface water probably accounts for the 
three degree rise. Another noteworthy fact is that both these crea- 
tures were noticeably more sluggish than those of last spring; they 
presented no difficulty in capture while those before were quite active 
and temporarily eluded capture. These two specimens have consider- 
ably more pigment than those of before although the cave, at this 
point, is in perpetual darkness.” 


The apparent discrepancies in the observations made by Williams 
and those made by Miss Ruth Hoppin (reported by Faxon) are sup- 
ported by Bray. It would be interesting to know whether or not these 
differing responses may be correlated with seasonal, diurnal or flood- 
ing conditions in the cave. The latter is suggested because of the 
probable lowered mineral content of the water during flooding, and 
it is at least possible that this might affect the crayfishes. It seems 
unlikely that the temperature differences observed by Bray are to be 
correlated with the response of the animals to being disturbed, for if 
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Figs. 48-57.—Cambarus cryptodytes. 48. Mesial view of first pleopod of 
male, form I; 49. Annulus ventralis; 50. Lateral view of first pleopod of male, 
form I; 51. Mesial view of first pleopod of male, form II; 52. Epistome; 53. 
Laterai view of first pleopod of male, form II; 54. Dorsal view of carapace 
of male, form I; 55. Basipodite and ischiopodite of third pereiopod of male, 
form I; 56. Antennal scale; 57. Upper view of distal podomeres of cheliped 
of male, form I. 
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any effect were produced one would expect the animals to be more 
active at the higher temperature. 

Experimental data on response to light obtained by Wells (1959: 
11-12) permitted the following conclusions. “C. setosus and C. ayersii 
[= C. setosus| were similar in their responses to light. All specimens 
examined were photosensitive. No differences in the response patterns 
were noted with crayfish of different sizes. No sex difference was 
observed. . . . A response could be measured only when the head of 
the animal was illuminated” but experiments indicated that the eyes, 
eyestalks, antennae and antennules do not act as receptors. Wells 
suggests that “possibly the cerebral ganglion is functioning directly as 
a photoreceptor in these cave crayfishes. . . . It is suggested that the 
long wave-length limit of sensitivity for C. setosus and C. ayersit is 
between , 6600A and , 7300 A in the red. The short wave-length 
limit of sensitivity has not been determined.” 

Burbanck, et al. (1948: 367) in testing the toleration of this species 
and Cambarus rusticus [probably Orconectes neglectus neglectus 
(Faxon, 1885b: 142)] found that “the cave and stream crayfish 
reduced the water to approximately the same oxygen tension — no 
significant difference between .1978 and .2452 respectively” although 
C. setosus lived longer, 829.9 + 35.0 minutes as opposed to the stream 
form which lived only 272.3 + 21.5 minutes. They concluded that 
the cave crayfish “seem to have a lower rate of metabolism than the 
stream crayfish.” 


Cambarus cryptodytes Hobbs 
(Figs. 48-57) 

Cambarus cryptodytes Hobbs 1941, Amer. Midl. Nat., 26 (1): 110-114, 11 
figs. [Type locality: A well, two mi. S. of Graceville, Jackson Co., Florida 
on farm of Mr. R. W. Williams.] Hobbs 1942a: 354; Hobbs 1942b: 9, 12, 
32, 156, 157, 158, 162-163, 171, 5 figs. Hobbs 1952: 689, 693. 


Diagnosis.—Albinistic, eyes reduced and without pigment spot; 
rostrum broadest at base, margins tapering to tip and without mar- 
ginal spines or tubercles; postorbital ridges terminating cephalically in 
small acute spines; areola broad, about four times as long as broad, 
and its length about 39 percent of entire length of carapace; a single 
small tubercle present on each side of carapace; chelae not conspicu- 
ously setose; male with hooks on ischiopodites of third pereiopods. 
First pleopod of male and annulus ventralis of female as figured. 


Range.—This species is known only from the type locality (see above). 


Remarks.—The seven known specimens of this species were taken 
from an open well about 60 feet in depth by Mr. R. W. Williams. 
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INTRODUCTION 


The opilionids or phalangids are members of the Order Opiliones 
of the Class Arachnida. Other orders within this class include such 
abundant and well-known forms as the spiders, pseudoscorpions, 
scorpions, whip scorpions, mites, and a few lesser known groups. The 
opiliones are nearly world-wide in their distribution; they are found 
from the far North to southern areas such as Argentina and South 
Africa. Widespread and abundant as they are, they achieve their 
greatest variety and abundance in the tropical and subtropical regions 
of the world. 

The opiliones are quite varied in appearance and size, but all 
have the following common characteristics: 


1. An unsegmented cephalothorax which is broadly joined to the 
faintly segmented abdomen. 

Three-segmented chelate chelicerae. 

Six-segmented palpi. 

A pair of simple eyes which are usually located on a tubercle 
on the anterior third of the cephalothorax. 

A genital opening on the second abdominal segment, usually 
covered by a genital plate. 

A pair of scent glands at the anterior part of the cephalothorax. 
Respiration by means of tracheae with spiracles located on the 
second abdominal segment. 


Within the order Opiliones, there are three suborders as follows: 

I. Cyphophthalmi; mite-like forms. Species are known from the 
states of Washington and Florida, without known species between. 
No cave forms are known in the United States. 

II. Laniatores: tropical and subtropical forms, with but a few 
exceptions. There are a number of Laniatores in the southeastern 
United States and a few in the West. Species occur along the west coast 
as far north as central British Columbia. Some of the Laniatores 
have brightly colored bodies with elaborate dorsal color patterns as 
well as spines and tubercles. Usually they are found in moist areas, 
living under rotten logs or under stones. In tropical rain forests, some 


1 These studies on opilionids were supported in part by a grant from the 
National Science Foundation. 
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are found in the bromeliad clumps high up in trees. Since many of 
the Laniatores are small and live in dark places, they often inhabit 
caves. It is among the members of this suborder that the largest 
number of cavernicoles are found. In the United States and Mexico, 
three families are represented: (1) Cosmetidae; (2) Phalango- 
didae; and (3) Triaenonychidae. 

Another family, the Gonyleptidae, is found in Central and South 
America. Neither the cosmetids nor the gonyleptids have represent- 
atives that seem to be true cave forms. The family Phalangodidae 
has the greater number of cavernicoles, but in the New World only 
one true cave form is known among the Triaenonychidae. 

III. Palpatores. These are the commonest opilionids of this 
country. Two subgroups are recognized: 

1. Dyspnoi: small secretive forms found in leaf mold. Among 
this group, a few true cavernicoles have evolved. 

2. Eupnoi: the common long-legged species found all over the 
world. Most belong to the family Phalangiidae. These include the 
long-legged daddy-long-legs with which everyone is familiar. They 
are particularly common in the late summer and early fall. While 
frequently encountered in caves, no true cavernicoles are known. 


Cave ADAPTATIONS 


Opilionids have a number of structural adaptations to cave life, 
many of which are quite obvious. One of these adaptations is the 
reduction or even complete loss of the eyes. Among some cave forms, 
an eye tubercle is present, but no eyes are visible externally. Among 
others, the eyes are present but the retina does not have the character- 
istic black color and appears to be nonfunctional. All degrees of de- 
velopment in this direction can be found. 

Another development is the increased length of legs. Cavernicolous 
species tend to have longer and less robust legs than their epigeic 
relatives (Table 1). Color, too, is another adaptation. Among the 
phalangodids living outside caves, the body color is usually bright 


Tasie I.—Comparative measurements of a cavernicolous and an 
epigeic form of Crosbyella sp. 


Length of Epigeic Cavernicolous 
legs form form 


I. 2.9 mm 6.6 mm 

II. 4.2 mm 11.1 mm 

III. 3.3 mm 9.1 mm 
1V. 4.4mm 10.6 mm 
Length of palpus 2.1 mm 2.8 mm 
Total length of body 1.9 mm 2.0 mm 
Length of cephalothorax 0.6 mm 0.6 mm 
Width of body 1.4mm 1.6 mm 
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reddish brown. In partially adapted types, the color is lighter and in 
true cavernicoles the color may be absent and the animal white. 
Associated with color is the degree of sclerotization. The cave species 
are much more weakly sclerotized than their epigeic relatives. 

The true cavernicoles that have been described from the United 
States show no tendency towards an increase in size (Table I). 
Among some species known from Mexican caves, however, there 
seems to be this tendency. Some species described from caves in 
Mexico are many times larger than any related epigeic species. 

Little is known of the physiological adjustments of these cave 
animals, but from their structure and habits it appears that they are 
more susceptible to drying than epigeic species. They would un- 
doubtedly be less tolerant of changing conditions in their environment 
than related species living outside the caves. Much research remains 
to be done on the ecology, physiology, and habits of these cave forms. 


DISTRIBUTION OF THE CAVE SPECIES 


By far, the largest number of cave species occur in the south- 
eastern states. 

Phalangodes armata Tellkampf is a true cave species, fully dif- 
ferentiated from its epigeic relatives (Fig. 1). It was first described 
from Mammoth Cave, Kentucky, and is now known from many caves 
in Kentucky and Tennessee. The specimens from Tennessee have a 
greater number of tarsal segments and were first thought to be a 
distinct species. Further collections have shown that transitional forms 
exist. 

Phalangodes brunnea Banks is a strictly epigeic species which is 
known from a wide area encompassing Tennessee, the Great Smoky 
Mountain country, Georgia and Alabama (Fig. 2). It has been 
known to enter caves, but no strictly cave-adapted forms have been 
discovered. 

Bishopella laciniosa (Crosby and Bishop) is widely distributed in 
and out of caves of the southern part of the Ohio River Valley region. 
It is frequently encountered in caves. Many show no cave adapta- 
tions, others show varying degrees. One specimen from a cave in Mt. 
Eagle, Tennessee, has long legs, a lighter color, and reduced eyes. 


Figs. 1 and 2.—A comparison of two related species. 1. Phalangodes 
armata, a cavernicolous form; 2. Phalangodes brunnea, an epigeic form. 
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While it is not considered a true troglodyte, it certainly has some of 
the characteristics of such forms. 

Phalangodes flavescens (Cope) is also found in a number of lo- 
calities north of the Ohio River. It is primarily an epigeic form. In 
those caves where it has been found, such as in Virginia and the type 
locality, Wyandotte Cave in southern Indiana, it is lighter in color, 
has reduced eyes, and possesses somewhat longer legs. The individuals 
of a large population were once observed in Wyandotte Cave. They 
were feeding upon fungi which were growing on wood and the speci- 
mens showed many adaptations for cave living. 

The southern portion of the Ohio River region is dominated by 
Bishopella laciniosa; north of the Ohio River, only the cave-adapted 
Phalangodes flavescens is found. 

Phalangodes armata (Cope) is found south of the Ohio River, 
but occupies the middle portion of central Kentucky and Tennessee. 

All the cavernicolous species are presumably derived from modern 
epigeic forms which can be found in localities both inside and outside 
the caves. 

Other species, such as Crosbyella sp. in Arkansas, also have popula- 
tions and races that are adapted to the cave environment. 

Among the Palpatores, there are also cavernicolous forms. 
Nemastoma inops Packard has been reported from Kentucky caves 
and Nemastoma pallidimaculosa Goodnight and Goodnight was 
described from Rock House Cave near Oleander, Alabama. These 
are true cave species. Other epigeic species of this same genus live in 
leaf mold. 

In the western states, only a few cavernicoles have been discovered. 
As the types of opilionids that readily differentiate into cave forms 
are not abundant in the dry areas that are found throughout the 
West, that is quite understandable. One member of the genus 
Nemastoma (N. packardi Roewer) is reported from a cave in Utah. 
Three widely scattered species of Laniatores are known from caves, 
and further exploration may yield more. These are: 

Texella mulaiki Goodnight and Goodnight from Hays County, 
Texas. 

Phalangodes californica (Banks) from Alabaster Cave, California. 

Sclerobunus cavicolens (Banks) from Morrison’s Cave near Boze- 
man, Montana. 


DiscussION 


The reasons for the development of some species of opilionids into 
cavernicolous forms can be speculated upon, but certainly at this time 
not determined. There must be some genetic factor which determines 
the direction of mutations. The long-legged leiobunums often con- 
gregate in large numbers in dark, moist places, so they are en- 
countered in caves, usually not far from the entrance. They cluster 
in great clumps from the ceiling or walls of the cave. In spite of 
this predilection for caves, no true cavernicoles have evolved among 
the leiobunums and they are seldom, if ever, found deep within the 
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caves. Cosmetids too, for the same reason, often inhabit the favorable 
environment found in caves. In Mexico where this group is abundant, 
large numbers of cosmetids may be collected in moist caves, but they 
too seem generally unable to develop into true cavernicoles. 

It is among the phalangodids that the greatest plasticity in the 
direction of mutations leading to a true cave existence are found. 
It is within this group that species that are truly cavernicoles exist. 
Some live deeply within caves and are so well adjusted to it that 
they could not survive outside such a constant environment. In this 
group are species closely related to epigeic forms that are outside 
the cave in the damp leaf mold of surrounding areas. In fact, among 
some groups of species, it is possible to observe the transition from 
the epigeic species to the cavernicolous species. These often have in- 
termediate forms near the cave entrance with the true cavernicolous 
forms deep within the cave. 


CONCLUSION 


In conclusion, it can be said that in those groups that are geneti- 
cally plastic, many cave forms have evolved. Usually their relationship 
with an epigeic species can be demonstrated. A review such as this 
points up how much remains to be learned concerning cave forms. 
Many caves, especially in the West, remain to be explored. Practically 
nothing is known of the embryology, life history, ecology, or physiology 
of cave opilionids. 
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A Preliminary Survey of the Knowledge 
of North American Cave Collembola’ 


KENNETH CHRISTIANSEN 
Grinnell College, Grinnell, Iowa 


At the present time virtually nothing has been published con- 
cerning the cave collembolans of North America. As simple proof of 
this, a bibliography of North American cave Collembola contains less 
than 30 entries, most of which are antiquated or mere listings of one 
or two erroneously identified species in a cave fauna of Blank Cave. 
The only general survey is that of Packard (1888) which encompassed 
less than one percent of the actual fauna and, from a taxonomic view- 
point, is either useless or seriously damaging. In addition to the work 
of Packard, various forms were described by Banks (1897). The 
accuracy of these descriptions can be measured if we consider that 
they were made generally with the use of a hand lens upon specimens 
often less than a millimeter in total size. The only adequate works 
devoted solely to North American cave forms are those of Denis 
(1929) upon Oregon material collected by Silvestri, of Delamare 
Deboutteville (1949) upon material from a few caves in Alabama and 
Tennessee collected by Henrot, and of Bonet (1934) upon material 
largely from a few Kentucky and Virginia caves. All of these works 
were published in European journals and are in French. In addition, 
several authors (Mills 1934, 1948, Bonet 1943, Wray 1952, and Chris- 
tiansen 1958) have described single cave species from the United 
States in larger works concerned with other groupings. It is not 
possible to obtain a view of the cave Collembola fauna of the United 
States from this bibliography; however, work now in press, or in prog- 
ress, will greatly increase our records in the genera Sinella (Chris- 
tiansen, 1960) and Pseudosinella (in preparation). Much of the 
cave area of the United States is still virtually untouched from the 
standpoint of collembolans, and experience has shown that the simple 
statement that “no collembola occur” is no indication of the presence 
or absence of these animals. In personal experience Collembola have 
been found in about two-thirds of the caves previously indicated to 
have none. Even the most astute collector may pass up these minute 
forms without experience and exhaustive search, or use of berlese 
extraction. At the present momént only the southeastern quadrant 
of the country has relatively complete collections, but examination of 
these, combined with the spotty collections from other parts of the 
country permits a rough guess as to the probable composition of the 
fauna. The following genera are known to occur in American caves 


1 Much of the work on this paper was made possible by a National Science 
Foundation Grant, G-4563. 
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and have probable or actual troglobitic species: 1) Arrhopalites; 2) 
Entomobrya; 3) Folsomia; 4) Hypogastrura; 5) Lepidocyrtus; 6) 
**Megalothorax; 7) Oncopodura; 8) Onychirus; 9) **Pararrhop- 
alites; 10) *Parasinella; 11) Pseudosinella; 12) Sinella; 13) Tomo- 
cerus; 14) Tritomurus; 15) *Troglosinella; and 16) **Tullbergia. In 
addition to this group, several genera seem to be likely candidates 
for inclusion in the list (i.e., Heteromuris and Troglopedetes) but have 
not as yet been found here, while a number of other genera of cave 
collembolans, found in Mexican caves (ex. Mesogastrura) may be yet 
uncovered in caves of the west or southwest. In addition, there is al- 
ways the strong possibility of turning up entirely undescribed genera 
in North American caves. 

The remainder of this paper will be devoted to a brief discussion 
of the sixteen genera listed above, their presently described cave forms 
and the possible nature of the total fauna as indicated in preliminary 
examinations of extant collections. 


SUBORDER SYMPHOPLEONA 


Only three genera of this suborder have been found so far in 
United States caves: Arrhopalites and Pararrhopalites of the family 
Sminthuridae and Megalothorax of the family Neelidae. It is quite 
likely that more genera of the last family will be discovered with ex- 
haustive search. 


Arrhopalites 


This is the most widespread and common genus of the suborder in 
caves, and two cave species have been described: 


Arrhopalites ferrugineus (Packard) new combination 
Syn.: Smynthurus ferrugineus Packard 1888 


Arrhopalites mammouthia (Banks) new combination 
Syn.: Smynthurus mammouthia Banks 1897 


It is quite possible that both the species mentioned above are syn- 
onyms of a widespread epigean species, but it appears likely that a 
few strictly cave forms have evolved in the group. The genus is found 
in most cave systems but there are relatively few species concerned. 


Pararrhopalites 


At least one species of this genus has been found in a cave, and 


it is possible that several species occur scattered through western cave 
areas. 


* Genera synonymized in works now in press or preparation. 
** These forms have not been recorded previously in U.S. caves. 
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Megalothorax 


One species has been found from a western cave, and undoubtedly 
more of this genus and related genera (Neelus, Neelides) will be 
turned up with diligent collection. The extremely minute size of these 
animals combined with their abundance in deep soil layers makes it 
unlikely that many troglobite species will be found in the near future. 


SUBORDER ARTHROPLEONA 
FAMILY ENTOMOBRYIDAE 


Entomobrya 


A single troglobitic species has been described from a cave in South 
Dakota. Comparison with European records makes it appear unlikely 
that many more cave species will turn up, or that the described species 
(E. troglodytes) is widespread. 


Sinella 


Two cave species, Sinella cavernarum Packard 1888 and Sinella 
hoffmani Wray 1952, have been described, and in a paper now in 
press (Christiansen, 1960) five additional species are described. The 
genus is largely confined to the southeastern quadrant of the United 
States and only one species (5. cavernarum) is found in areas around 
the borders of this region. The seven species described probably rep- 
resent almost the whole fauna in this country. 


Parasinella 


This is synonymized with Sinella in the work mentioned above. 


Pseudosinella and Troglosinella 


Work in progress indicates that these two genera are also syno- 
nyms. There appear to be about seven troglobitic species (two already 
described) also primarily confined to the southeastern quadrant of 
the country. The limits of this genus are somewhat broader than those 
of Sinella and a few species may occur in as yet unexplored western 
caves. It is doubtful that any extensive speciation has occurred. 


Le pidocyrtus 


A single species, L. atropurpureus, has been described by Packard 
(1888). Examination of the animals will probably show them to be 
a troglophilic Pseudosinella. It is doubtful that any troglobitic species 
of this genus exist in the United States. 


1960 41 


42 Tue AMERICAN MIDLAND NATURALIST _ 64(1) 


Tomocerus 


Two cave species of the genus have been described. The first, T. 
pallidus Packard, is probably a synonym of the troglophile, T. flaves- 
cens, but extensive topotypic collections will have to be examined to 
determine this. The second species, T. brevimucronata, appears to 
be a troglobite. The fact that Tomocerus is one of the commonest 
genera in caves throughout the United States makes it quite likely that 
a few more troglobitic species will be uncovered. 


Tritomuris 


This is the cave genus having the most species (four) of any in 
the United States. It is well represented in all parts of the country 
and, while not nearly as ubiquitous as the genus Tomocerus, and many 
new troglobitic species will undoubtedly be uncovered, particularly 
from the west. 


FAMILY ONCOPODURIDAE 


Oncopodura 


O. cruciata Bonet 1943 has been described from caves in Montana 
and a second species has been found in midwestern caves. The genus 
appears to be confined to caves west of the Mississippi. Further work 
may show several endemic species in this area. 


FAMILY ISOTOMIDAE 


A number of troglophilic or trogloxenic species have been found in 
genera belonging to this family (Folsomides, Isotoma, etc.), and one 
or more of these may have locally evolved troglobitic species. Present 
evidence indicates that only Folsomia is likely to have produced ‘many 
such species. 


Folsomia 


Only one species belonging to this genus has been described from 
North American caves. 


Folsomia cavicola (Banks) new combination 
Syn.: Entomobrya cavicola Banks 1897 


In addition, several other species of the genus have been seen in 
caves, and it is most likely that some of these at least represent troglo- 
bites. Most of the species so far seen are found in southeastern caves. 


FAMILY HypoGASTRURIDAE 


It is quite probable that several of the Mexican genera of cave 
forms in this family occur in the southwest, but at the moment only 
a single species has been described. 
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Hypogastrura 


The only troglobitic species of the family known in the United 
States was described from Indiana. 


Hypogastrura lucifuga (Packard) new combination 
Syn.: Lipura lucifugus Packard 1888 


This probably represents a local development. The genus is not 
widely represented in caves of the United States. 


FaMILy ONYCHIURIDAE 
Onychiurus 


A single species (O. obesus Mills) has been described from caves 
of the United States. However, collections now at hand indicate that 
this genus will contain the bulk of North American troglobitic species. 
The genus is ubiquitous but is best represented in the western and 
northern parts of the country. It is probable that many collections 
represent local edaphic species which have invaded caves, but prelimi- 
nary examinations have shown that some, at least, represent troglobitic 
species. 

Tullbergia 


No troglobitic species of this genus have as yet been uncovered; 


however, since members of the genus are widespread in caves, pos- 
sibly some local speciation has occurred. 


In conclusion, only one thing is certain — most of the cave Col- 
lembola of the United States are as yet undescribed. It is not possible, 
with present tentative examinations and incomplete collections, to de- 
termine definitely even the outlines of the fauna, but it appears that 
the western and southeastern areas have quite different faunas with 
different dominant genera. At the present moment it appears that the 
cave Collembola fauna of the United States will match that of Europe, 
both in size and variety of elements. 
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The Cavernicolous Beetles of the Subgenus Rhadine, 
Genus Agonum (Coleoptera: Carabidae) 


THOMAS C. BARR, JR. 


Tennessee Polytechnic Institute, Cookeville 


The carabid beetles of the subgenus Rhadine Leconte are an in- 
teresting series of slender, depressed, wingless Agonum which are dis- 
tinguished by their elongate appendages, strongly oblique humeri, and 
the absence of normal pigmentation; all known species are uniformly 
testaceous, rufotestaceous, or dark ferrugineous. In the majority of 
species the third antennal joint is longer than the fourth, although 
this character is often allometric, the third joint being proportionately 
much longer in larger species and individuals than in smaller ones. 
In many species, but not all, the elytral apices are produced and 
dehiscent to a greater or lesser degree. A lateral series of setiferous 
elytral punctures, three or four in the margin below the humerus and 
a variable number (range about 10 to 15) on the 8th interstria or in 
the 8th stria, is usually well-developed. The scutellar and apical 
elytral punctures are setiferous. The first three tarsomeres typically bear 
lateral grooves. The undersides of the legs are, in most Rhadine, 
sharply flattened from base to apex, the edges rectangular and parallel. 
Species referable to Rhadine range from southern Canada to the 
northcentral plateau region of Mexico and east to Maryland and the 
coastal plain of Alabama, but the known species are most numerous 
in the southwestern United States, especially Arizona, New Mexico, 
and Texas. They are most common under rotting logs and rocks in 
moist situations (especially at high altitudes), in the burrows of 
mammals, and in caves. 

The cavernicolous habit has been reported for A. (Rhadine) 
longicolle (Benedict), known only from Carlsbad Caverns, New 
Mexico; for A. (Rhadine) ozarkense (Sanderson and Miller), known 
from a single Arkansas cave; for A. (Rhadine) caudatum (Leconte), 
known from numerous localities in the eastern United States; and 
for one troglophile and three troglobitic species in Texas (Barr and 
Lawrence 1960). Three new troglophile and three new troglobitic 
species are described in the present paper. 
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H. Marvin Koepke, Edinburg, Texas; Bill C. Stewart, Cookeville, Tennessee; 
Mills Tandy, Ozona, Texas; and Donald Widener, Dallas, Texas. 


The following abbreviations are employed throughout this paper: 
ANT 4/3—ratio of length of 4th antennal segment to length of 3rd 
segment; EL—length of elytra; EW—width of elytra; HL—length of 
head from anterior margin of labrum to apex of pronotum; HW— 
head width; M—arithmetic mean; N—number of specimens in the 
sample; PL—pronotum length; PW —pronotum width; R—observed 
range of the sample; S.D.—standard deviation of the mean; TL— 
total length, in millimeters; V—coefficient of variation. All lengths 
were measured along the midline; all widths are maximum widths. 
Aedeagi were cleared and mounted in polyvinyl-lactophenol. Aedeagal 
length was measured as the chord of an arc. An ocular micrometer 
was used for all measurements. 


Key To SpEcIEs OF CAVERNICOLOUS RHADINE 
From THE UNITED STATES 


1. Eyes well-developed, facets present..................0...-2c.ccscscssscsesscecessecsseseccersesecere 2 
1.’ Microphthalmous cave species without facets in eye...................ccce--eeseeeeeeee 8 
2. Pronotum as wide as or wider than long...................--.cc--ceceeeceeeeceeeeeeeeeeeeeeee 3 
3. Alternate elytral intervals with rows of setiferous punctures; Md.-IIL., 
3.’ Elytral intervals without rows of punctures; hind angles of pronotum 
rectangular, strongly reflexed; south Alabama.......................... jonesi n. sp. 
4. Six to eight irregularly placed setiferous punctures on basal % of elytral 
disc; northwest Arkansas....................... ozarkense (Sanderson and Miller) 
4.’ No such discal punctures (except scutellar) on basal % of elytral disc...... 5 


5. Elytral apices acute, dehiscent; pronotum with 2 pairs of marginal setae.... 6 
5.’ Elytral apices rounded; pronotum with anterior pair of marginal setae 

only; Eddy Co., New Mexico..............--...-.-cccs-sseceeeeee longicolle (Benedict) 

6. Pronotum widest at the middle, behind anterior pair of marginal setae...... 7 
6.’ Pronotum widest in apical 1/6, at level of anterior pair of marginal setae; 

Texas Panhandle to SE. Colorado....................2..2.:ccececesseeeeeeeee rubrum n. sp. 

7. Elytra strongly convex, longitudinal striation obsolete in darker, more fully 

sclerotized specimens; eyes 1/5 of a head length; form larger, more ro- 
bust; Edwards, Kerr, Uvalde, and Val Verde Cos., Texas.................... 

7.’ Elytra depressed, longitudinal striae shallow but always distinct; eyes 1/6 of 
a head length; form smaller, more slender; Edwards, Sutton, Pecos 


8. Last palpal segments fusiform, not produced........................:0--:ccee-eeeeeeeeeees 9 
8.’ Last palpal segments apically produced and rounded, somewhat swollen. 
9. Last palpal segments finely truncate (Fig. 3 A,B) 10 
9.’ Last palpal segments apically rounded (Fig. 3C); antennal segments III 
and IV subequal; Kendall Co., Texas................221..scccceee-eee koepkei n. sp. 


10. Elytral striation obsolete; pubescence sparse; margin of pronotum sinuate 
near base only; aedeagus 1.01-1.23 mm long... 11 
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10.’ Elytral striae feebly but always distinct; pubescence well developed; mar- 
gin of pronotum sinuate in apical 1/3 and also near base; aedeagus 
0.91-0.93 mm long tenebrosum n. sp. 

11. Pronotum averaging 6/10 as wide as long; elytra proportionately shorter 
and wider; total length less (6.6-8.2, mean 7.2 mm); Bexar Co., 

infernale infernale Barr and Lawrence 

11.’ Pronotum averaging 7/10 as wide as long; elytra proportionately longer 
and narrower; total length greater (7.6-8.8, mean 8.0 mm); Bexar 
Co., Texas infernale ewersi n. subsp. 

12. Eye diameter 3-5% of head length; pronotum with 2 pairs of marginal 
setae 

12.’ Eyes about 0.025 mm; no marginal setae on pronotum; Travis and Wil- 
liamson Cos., Texas subterraneum (Van Dyke) 

13. Pronotum widest at middle; head not sharply convergent and narrowed 
behind eyes; aedeagus 0.93 mm (holotype) long; head, pronotum, and 
elytra wider; Kendall Co., Texas Specum n. sp. 

13.’ Pronotum widest in basal 1/3; head sharply convergent and narrowed 
behind eyes, attached to prothorax by a subglobular condyle; aedeagus 
0.71-0.74 mm long; head, pronotum, and elytra narrower; Bexar Co., 

exile Barr and Lawrence 


Agonum (Rhadine) caudatum (Leconte) 
Fig. 2A 


Platynus caudatus LeConte 1863: 7. (Type: Mus. Comp. Zool., Harvard). 
Agonum (Rhadine) caudatum, Csiki 1931: 848. 


Length 12-15 mm. Elongate, slender, shining. Color when fully 
sclerotized dark ferrugineous, with a faint purple cast. Easily dis- 
tinguished from all other Rhadine by the large size; the long, produced, 
dehiscent elytral apices; and the rows of setiferous punctures on 
alternate elytral intervals. These punctures are especially diagnostic. 
The pronotum length and width are subequal; the hind angles are 
rounded in most specimens, subquadrate and blunt in occasional 
southern specimens; the margin is strongly reflexed. Aedeagus very 
large (about 2.5 mm), elongate, the apex attenuate, bluntly rounded; 
vas deferens with proximal and distal patches of long, pointed scales; 
internal sac with very small, blunt scales. 

This species has a wide range; I have seen specimens from Mary- 
land, the District of Columbia, Virginia, Pennsylvania, Ohio, Illinois, 
Tennessee, and Alabama. It has been collected in a cave in south- 
western Virginia (Bolivar and Jeannel 1931), from caves in northern 
Alabama (W. B. Jones, J. M. Valentine, Harrison Steeves, pers. 
comm.), and by me in six caves in central Tennessee. 

A permanent colony inhabits a limited area of Cumberland 
Caverns, Warren Co., Tennessee, 250 to 500 feet from the Historic 
Entrance. Both callows and adults are found at all seasons of the 
year in this cave beneath large, flat stones in a sandy-floored gallery 
or abroad near the edges of intermittent pools. A few Pseudanophthal- 
mus (P. macradei Val., P. t. templetoni Val.) occur nearby, but are 
more common in adjacent, damper parts of the cave. Remnants of 
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burrows may be observed beneath the stones, presumably excavated 
by the Rhadine. Captive A. caudatum from Cumberland Caverns 
were maintained for two months in a glass container floored with 
moist sand, feeding readily on hamburger. Most of the specimens 
congregated beneath a metal bottle cap placed on top of the sand, 
but two or three crowded into a small burrow dug by one of the 
beetles. In digging, the beetle worked beneath the surface head first, 
throwing the sand out with the hind legs. 


2. Agonum (Rhadine) jonesi n. sp. 
Fig. 2B 


Type series Holotype male (Alabama Museum of Natural History, Tusca- 
loosa), allotype female, and five paratypes, Turk’s Cave, near Brooklyn, 
Conecuh Co., Alabama, October 2, 1952 (Walter B. Jones). Paratypes in U. S. 
Nat. Museum and the writer’s collection. 


Diagnosis.—Closely related to A. caudatum (Lec.), differing in the sharper, 
more widely reflexed, rectangular hind angles of the pronotum; the smoother, 
more brilliantly shining elytral surface, without interstrial rows of setiferous 
punctures; the shorter elytral apices; and the smaller size and sharper apex of 
the aedeagus. 

Holotype —TL 12.5, HL 2.48, HW 1.89, PL 2.24, PW 2.71, EL 7.29, EW 
4.36. 


Turk’s Cave Sample of A. jonesi n. sp. (N=7) 


R M S.D. V(%) 
TL 11.7-13.4 12.5 0.5 4.1 
HW/HL 0.73-0.80 0.76 0.02 3.1 
PW/PL 1.11-1.21 1.17 0.03 2.7 
EW/EL 0.54-0.58 0.56 0.01 2.3 
PL/HL 0.86-1.00 0.91 0.05 5.2 
EL/PL 3.35-3.61 3.45 0.10 3.0 
ANT 4/3 0.65-0.76 0.71 0.03 3.8 


Description—Length 11.7-13.4 mm. Elongate slender, rufotesta- 
ceous to dark ferrugineous, polished, shining. Head: Rounded, 3/4 as 
wide as long, widest across the eyes; surface shining, microgranulate. 
glabrous; labrum gently emarginate (doubly or singly), twice as wide 
as long; frontal grooves shallow, abbreviate; antennal ridge weak, 
extending to anterior angle of eye; diameter of eye 1/3 a head length, 
eyes large, convex, prominent. Pronotum: Transverse, 1/10 to 1/5 
wider than long, shining, finely microgranulate, glabrous; margin 
broadly and strongly reflexed from apex to base; anterior angles 
prominent, rounded; posterior angles large, rectangular, sharply re- 
flexed; base rather deeply emarginate. Elytra: A little more than 
half as wide as long, brightly shining, slightly iridescent, microalut- 
aceous, glabrous; intervals very flat, striae feebly impressed; three 
discal punctures on 3rd interval; 17-19 marginal punctures with setae 
of variable length; widest in basal 1/3, evenly tapering to apical 
sinus in apical 1/11. Appendages: Terminal palpal segments finely 
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and sparsely pubescent, tips barely truncate, not sharply so; mandibles 
large and porrect. Antennae reaching middle of elytra when laid 
back; segment IV 7/10 as long as III; heavy pubescence beginning 
on apical half of IV. Legs long and slender, normal for the sub- 
genus; tarsal segments with both lateral and dorsal grooves. Aedeagus 
3/4 as long as that of caudatum (1.79 mm in paratype jonest) ; apex 
of medium lobe sharply attenuate; internal sac with small, blunt 
scales; vas deferens with patches of long slender scales. 


Remarks—It is a great pleasure to name this species in honor of 
its discoverer, Dr. Walter B. Jones, State Geologist of Alabama and 
Director of the Alabama Museum of Natural History, whose en- 
thusiastic interest in beetles and cave fauna has resulted in the capture 
of many new and unusual species of cavernicoles. 


3. Agonum (Rhadine) ozarkense (Sanderson and Miller) new comb. 


Rhadine ozarkensis Sanderson and Miller 1941: 39. (Type: Illinois St. Nat. 
Hist. Surv. Div. coll., Urbana). 


Closely similar in color (dark ferrugineous with faint purple cast) 
and general appearance to A. caudatum (Lec.), differing principally 
in the cordate pronotum (PW/PL about 8/10), the limitation of 
setiferous punctures on the intervals to the basal region of the elytra, 


and the smaller aedeagus (3/4 as long as that of caudatum). 


Holotype male—TL 11.7, HL 2.39, HW 1.56, PL 2.44, PW 2.02, EL 6.58, 
EW 3.54, ANT 4/3 0.80, aedeagus 1.79. 


Length about 12-14.5 mm, width 3.5-4 mm (Sanderson and 
Miller, 1941). Head 13/20 as wide as long; eye diameter 1/5 to 
1/4 of a head length. Pronotum with apex and base subequal, 6/10 
the maximum width, which is in apical 4/10; margin narrowly re- 
flexed, evenly arcuate, slightly sinuate before base; hind angles right, 
rounded, not produced; two pairs of marginal setae. Elytra with 6-8 
rather long discal setae irregularly placed in basal 1/4; marginal 
punctures 18-19; microsculpture granulate, isodiametric, more intense 
than in caudatum but not coarser; surface dull shining (shining in 
caudatum and jonesi). Palps fusiform, truncate at the tips; pub- 
escence beginning on apical 2/3 of antennal segment IV; segment 
IV 8/10 as long as III; tarsi with lateral and dorsal grooves. Aedea- 
gus about as in jonesi, ‘with similar distribution of long scales on vas 
deferens, in proximal and distal patches. 

This species is known only from the type series of five specimens, 
trapped in the winter of 1939-1940 in Fincher’s Cave, near Fayette- 
ville, Washington Co., Arkansas. 


4. Agonum (Rhadine) rubrum n. sp. 


Type series Holotype male (U.S. Nat. Mus.), allotype female, and 3 par- 
atypes, Big Mouth Cave, 3 mi. N. of Shamrock on left bank Red River, Wheeler 
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Fig. 1—A. Agonum (Rhadine) infernale ewersi n. subsp. B. Agonum 
(Rhadine) koepkei n. sp. C. Agonum (Rhadine) tenebrosum n. sp. D. Agonum 
(Rhadine) exile Barr and Lawrence. 


Co., Texas, Oct. 19, 1957 (D.W. Tinkle and T.C. Barr). One paratype, 
“Amarillo, Texas” (U.S.N.M.), and one paratype (U.S.N.M.) from rodent 
burrow 11 mi. W. of Lamar, Bent Co., Colorado, Aug. 20, 1940 (G. M. Kohls 
and W. L. Jellison). 


Diagnosis.—Similar to A. longipes Casey and A. anthicoides Casey, differing 
most conspicuously in the basal expansion of the pronotum, the dorsal tarsal 
grooves, and in having the 3rd antennal segment only 1/12, rather than 1/3 
longer than the 4th. 


Holotype —TL 9.0, HL 1.96, HW 1.33, PL 1.97, PW 1.42, EL 5.10, EW 
72. 


Big Mouth Cave Sample of A. rubrum n. sp. (N= 5) 


R S.D. V(%) 
TL 8.0-9.0 8.4 0.2 2.4 
HW/HL 0.68-0.78 0.72 0.04 5.6 
PW/PL 0.71-0.80 0.74 0.04 5.4 
EW/EL 0.51-0.56 0.53 0.02 3.8 
PL/HL 1.01-1.20 1.11 0.07 1.6 
EL/PL 2.41-2.66 2.57 0.10 3.9 


Description Length 8.0-9.0 mm. Form medium slender, de- 
pressed; pale, rufotestaceous. Head: 7/10 to 8/10 as wide as long; 
surface glabrous, shining, except for submental foveae, which are 
densely pubescent; frontal grooves broad and shallow; antennal ridge 
weak, extending only to anterior angle of eye (i.e., not continued as 
a supraorbital ridge) ; a rugulose area between frontal groove and 
antennal ridge; eyes moderately large and prominent, 1/5 of a head 
length. Pronotum: Elongate cordiform, 7/10 as wide as long, about 
1/10 longer than head; apex 1/6 wider than base; maximum width 
before anterior marginal setae, which are placed at apical 1/6; pos- 
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terior setae in hind angles; surface glabrous, subconvex, the margins 
moderately reflexed, more so posteriorly; a short, lunate, postapical 
transverse sulcus; a much wider transverse sulcus separating off basal 
1/6; sides broadly convergent and very gradually sinuate before the 
hind angles, which are small, subquadrate, slightly projecting; base 
shallowly emarginate between hind angles. Elytra: Medium full, half 
as wide as long, 2% times as long as pronotum, strongly depressed 
and basolaterally deplanate; surface alutaceous, shining, glabrous; 
longitudinal striae feebly impressed but distinct; 2 to 4 discal punc- 
tures irregularly placed on the 3rd stria; marginal series of 16-18 
setiferous punctures on 8th stria anteriorly, gradually moving onto 8th 
interval posteriorly; apices shallowly sinuate in basal 1/12 of elytra, 
acute, dehiscent, not produced. Appendages: Antenna reaching mid- 
dle of elytra when laid back; segment II 5/12 or less as long as III; 
III about 1/12 longer than IV; dense pubescence beginning on apical 
half of IV, a lighter pubescence on III and apical half of II. First 
protarsomere dorsally grooved; proximal 3 meso- and metatarsomeres 
laterally grooved. Femora moderately robust, setae normal. Palps 
slender, elongate, finely pubescent, their last segments fusiform and 
finely but distinctly truncate. Aedeagus: 1.19 mm in paratype; arcu- 
ate, basal bulb but slightly enlarged, apex evenly attenuate; internal 
sac with minute, flat, rhomboid scales. 


5. Agonum (Rhadine) longicolle (Benedict) 
Fig. 2D 


Rhadine longicollis Benedict 1928: 44. (Type: Snow Ent. Mus., Univ. of 
Kansas, Lawrence). 


Agonum (Rhadine) longicolle, Csiki 1931: 849. 


Length 9-11 mm, width 2.5-3.5 mm. Elongate slender, shining, 
rufopiceous, surface strongly alutaceous, generally glabrous. Head 6/10 
as wide as long, widest at base of mandibles; sides strongly convergent 
behind eyes, which are 1/7 a head length; attached to prothorax by 
subglobular condyle; frontal grooves broad and shallow, extended over 
the eye; antennal ridge prolonged to posterior angle of eye; mentum 
tooth grooved medially but not actually bifid. Pronotum 7/10 to 8/10 
as wide as long, about as wide as head, widest at the middle, sinuate 
in basal 1/5; a pair of marginal setae at apical 1/3, no basal setae; 
base emarginate, % wider than apex; disc with numerous fine trans- 
verse impressions and a transverse groove at basal 1/5; anterior angles 
fine, acute; posterior angles larger, rounded, produced backward; 
margin finely reflexed; tip of prosternum acute as seen in full ventral 
view. Elytra elongate oval, 6/10 as wide as long, 2% times as long 
as pronotum, strongly convex; margin finely reflexed, no apical sinus, 
apices separately rounded and scarcely produced or dehiscent; longi- 
tudinal striae shallow, faintly punctulate; 3 discal punctures on 3rd 
stria; 16-18 marginal punctures with comparatively short setae. An- 
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tennae half as long as body; segment IV 9/10 to 19/20 as long as III; 
moderate pubescence on apical half of III and on IV, denser on V-XI. 
Palps very faintly pubescent, the tips of the terminal segments finely 
but distinctly truncate, more so in labial palps. Mandibles porrect, 
moderate in length. Legs long and slender; mesofemora with about 
5 long, stiff setae on undersides, metafemora with 2 or 3 setae, length 
of the setae equal to or a little less than a femoral width; tarsi with 
dorsal and lateral grooves. Aedeagus (Fig. 2D) 1.53-1.61 mm long, 
large, thick, the apex of the median lobe acute and strongly deflexed; 
vas deferens profusely clothed with long, slender, apiculate scales. 
This species is known only from Carlsbad Caverns, Eddy Co., New 
Mexico, and nearby caves in Carlsbad Caverns National Park. Its 
diagnostic features are the wide head, sharply convergent behind the 
eyes; the grooved mentum tooth; one pair of pronotal marginal setae 
instead of the usual two; the acute prosternum; the rounded elytral 


apices; and the large aedeagus with deflexed apex and intensely scaly 
vas deferens. 


6. Agonum (Rhadine) howdeni Barr and Lawrence 
Fig. 2E 
Barr and Lawrence 1960. Wasmann J. Biol., 18. 


A troglophilic species frequenting the bat caves of Kerr, Edwards, 
and Uvalde Counties, south-central Texas, in the upper Nueces River 
basin. One specimen is known from southern Val Verde Co., Texas, 
from a cave near the mouth of the Pecos. A. howdeni is easily dis- 
tinguished (from all but the next species) by the unusually long, stiff 
setae, more numerous and longer than in longicolle, on the under sides 
of the femora; by the absence of elytral longitudinal striation in the 
darker, fully sclerotized specimens; by the strongly convex, caudate 
elytra; and by the size and shape of the aedeagus (Fig. 2E). 


7. Agonum (Rhadine) babcocki n. sp. 
Fig. 2F 


Type series—Holotype male (U.S. Nat. Mus.), allotype female, and 40 
paratypes, Mayfield’s Cave, Sutton Co., Texas., Aug. 28, 1959 (Mills Tandy, 
B. C. Stewart, and T.C. Barr). Four paratypes, Mayfield’s Cave, April, 1959 
(M. Tandy, D. Widener). Sixteen paratypes (U.S. Nat. Mus.), Felton’s Cave, 
Sutton Co., Texas, and 4 paratypes, Wheat Cave, Edwards Co., Texas (coll. 
by O. G. Babcock and F. C. Bishopp, 1926-1933). Four additional paratypes 
(U.S. Nat. Mus.), one from Wheat Cave (S.K. Jones, no date), and 3 from 
“Sutton Co., Texas” (R. H. Beamer, no date). One paratype, Iraan Cave, Pe- 
cos Co., Texas, September, 1958 (Royce Ballinger). Total type series 75 speci- 
mens. 


Diagnosis.—A pale, slender, depressed species with caudate elytra and well- 
developed femoral setae, related to howdeni Barr and Lawrence but differing in 
the smaller eyes, the more slender body proportions, the consistently striate 
elytra, and the smaller and more slender aedeagis. 


Holotype-—TL 9.61, HL 1.93, HW 1.15, PL 2.34, PW 1.29, EL 5.34, EW 
2.71. 
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Mayfield Cave Sample of A. babcocki n. sp. (N = 20) 

R M S.D. 

TL 8.3-10.5 9.5 0.5 

HW/HL 0.55-0.64 0.58 0.03 

PW/PL 0.50-0.68 0.56 0.04 

EW/EL 0.47-0.55 0.50 0.02 

PL/HL 1.10-1.29 1.18 0.05 

EL/PL 2.20-2.48 2.31 0.07 

ANT 4/3 0.82-0.91 0.87 0.03 


Description—Length 8.3-10.5 mm. Elongate slender, depressed; 
pale rufotestaceous, shining. Head: 6/10 as wide as long, widest across 
the base of the mandibles; labrum 1/3 as long as wide, shallowly 
emarginate; frontal grooves short but deep; antennal ridge and lateral 
rugulae extending beyond posterior angles of eye; eye 1/6 of a head 
length, only slightly convex; surface shining, glabrous, microalutaceous. 
Pronotum: 5/10 to 7/10 as wide as long, averaging a little less than 
6/10, widest just before the middle; apex 6/10 to 7/10 the maximum 
width, about 1/10 wider than base; margins evenly arcuate, subpar- 
allel the basal 1/10, moderately reflexed, more so behind the middle; 
anterior marginal setae at apical 1/3, posterior setae in hind angles; 
anterior angles small and rounded; posterior angles acute, small, blunt; 
base shallowly emarginate; disc shining, glabrous, microalutaceous, 
with faint transverse striae near the middle. Elytra: Elongate oval, 
subconvex, half as wide as long, about 2!4 times as long as pronotum; 
disc scattered with very fine pubescence, shining; microsculpture iso- 
diametric, feebly transverse; margin moderately reflexed to the sinus 
in apical 1/9; apices produced, acute, dehiscent; longitudinal striae 
very shallow but distinct; some individuals with 2 small discal punc- 
tures on 3rd interval; marginal setiferous punctures 14-16. Appen- 
dages: All long and slender. Mandibles rather long; terminal palpal 
segments weakly truncate, fusiform, with very fine pubescence. An- 
tenna when laid back extending to middle of elytra; segment IV 8/10 
to 9/10 as long as III; dense pubescence beginning on apical 2/3 of 
IV. Legs more slender than in A. howdeni, but with similar develop- 
ment of long setae on the under sides of the meso- and metafemora; 
setae in two rows of 4-6 each, about equal in length to a femoral width. 
Aedeagus: (1.40-1.46 mm) a little smaller and more slender than in 
howdeni; basal bulb slightly enlarged, bearing a small keel; distal por- 
tion of vas deferens armed ventrally with scales (as in howdeni), 
proximal portion with long, slender scales. 


Remarks.—A. babcocki, compared with howdeni, is smaller and 
more slender, as reflected in the values TL, HW/HL, PW/PL, and 
EW/EL. The margin of the pronotum in howdeni shows a slight 
subapical sinuation not present in babcocki, and the base is a little 
more constricted. In howdeni the pronotal apex is about 1/6 wider 
than the base, and in babcocki the apex is 1/9 to 1/10 or less wider 
than the base. 
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Fig. 2.—Aedeagi of Agonum (Rhadine) spp. Camera lucida sketches. A. 
caudatum (Lec.), Warren Co., Tenn. B. jonesi n. sp., paratype. C. rubrum, 
n. sp., paratype. D. longicolle (Benedict), topotype. E. howdeni Barr and Law- 
rence, paratype. F. babcocki n. sp., paratype. G. subterraneum (Van Dyke), 
Williamson Co., Texas. H. infernale s. str. Barr and Lawrence, paratype. 
I. infernale ewersi n. subsp., paratype. J. koepkei n. sp., paratype. K. tenebro- 
sum n. sp., paratype. L. specum n. sp., holotype. M. exile Barr and Lawrence, 


paratype. (The variable appearance of the parameres is partly the result of 
different orientation. ) 
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8. Spelaeorhadine araizai Bolivar 
Spelaeorhadine araizai Bolivar 1944: 28. 


This species, known only from La Gruta Palmito, near Bustamante, 
Nuevo Leon, Mexico, seems very close to A. howdeni and A. babcocki, 
to which it is possibly allied by the unusual development of the femoral 
setae. The presence of these long setae in the two central Texas spe- 
cies, as well as in longicolle (Benedict) and longiceps (Van Dyke), 
and the variable development of the femoral setae in other species of 
Rhadine indicate the unreliability of this character for generic diag- 
noses. Bolivar’s description is that of a bona fide Rhadine, and Spe- 
laeorhadine should probably be regarded as a junior synonym of 
Agonum sens. lat. Unfortunately I have been unable to obtain a spe- 
cimen of S. araizai for examination and comparison with the Texas 
species. 


9a. Agonum (Rhadine) infernale infernale Barr and Lawrence 
Agonum (Rhadine) infernale Barr and Lawrence 1960. Wasmann J. Biol., 18. 


Length 6.6-8.2 mm. Head half as wide as long, abruptly con- 
stricted behind and expanded into a subglobular condyle; surface 
shining, isodiametrically microgranulate, with a sparse scattering of 
pubescence; eye pale without facets, about 1/20 of a head length in 
diameter. Pronotum 6/10 as wide as long, widest at the middle, slight- 
ly sinuate before the base; base 5/7 the maximum width, slightly nar- 
rower than apex; angles small and rounded. Elytra 6/10 as wide as 
long, widest just beyond the middle, with a very shallow sinus in 
apical 1/7; apices somewhat acute and dehiscent, not greatly pro- 
duced; surface convex, dull shining, microalutaceous, longitudinal 
striae obsolete; marginal punctures about 14, with long, whip-like 
setae in 3rd, 9th, and 12th punctures. Last segments of maxillary and 
labial palps finely truncate (Fig. 3A). Segment IV of antenna 1/10 
to 1/20 shorter than III. Aedeagus (Fig. 2H) 1.01-1.13 mm long, 
slender, elongate, arcuate, apex attenuate; vas deferens with long, 
slender scales. 

Known from Madla and Marnock Caves, near Helotes, in the 
highlands north of San Antonio, Bexar Co., Texas, and from Alzifar 


Cave (determination based on a single female) , on the Koepke Ranch, 
11 miles NE. of Boerne, Kendall Co., Texas. 


9b. Agonum (Rhadine) infernale ewersi n. subsp. 
Figs. 1A, 21 
Type series —Holotype male (Cincinnati Museum of Natural History), allo- 
type female, and 12 paratypes, Headquarters Cave, Camp Bullis, Bexar Co., 
Texas, April 19 and May 10, 1959 (Ralph Ewers). 


Holotype —TL 7.7, HL 1.84, HW 0.97, PL 1.66, PW 1.10, EL 4.28, EW 
2.39. 
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Headquarters Cave Sample of A. infernale ewersi n. subsp. (N = 12) 


R M S.D. V(%) 
TL 7.6-8.8 8.0 0.4 4.4 
HW/HL 0.50-0.57 0.54 0.02 4.3 
PW/PL 0.62-0.73 0.68 0.03 5.0 
EW/EL 0.52-0.57 0.55 0.02 2.7 
PL/HL 0.83-0.95 0.89 0.03 3.7 
EL/PL 2.42-2.68 2.55 0.08 3.1 
ANT 4/3 0.86-0.95 0.92 0.03 3.6 


Description.—Similar to infernale s. str. in general appearance — 
eyes 1/20 of a head length; terminal palpal segments pubescent, trun- 
cate; elytra dull shining, longitudinal striae obsolete. 

Analysis of the statistics for the Madla Cave population of infernale 
s. str. (Barr and Lawrence 1960) and the Headquarters Cave popu- 
lation of ewerst n. subsp. reveals the following significant variations 
for the latter (P < 0.01 by ¢ test): (1) greater total length, (2) 
wider pronotum (about 7/10 as wide as long instead of 6/10, (3) 
elytra longer and more slender, and (4) segment IV of antenna 
slightly longer with respect to III. The aedeagus does not differ ap- 
preciably from that of infernale s. str.; four aedeagi of ewersi ranged 
between 1.12 and 1.15 mm, mean length 1.14 mm. 


10. Agonum (Rhadine) koepkei n. sp. 
Figs. 1B, 2J, 3C 


Type series —Holotype male (Cal. Ac. Sci., ent.), allotype female, and 70 
paratypes, Schneider’s Ranch Cave, 14 mi. NE of Boerne, Kendall Co., Texas, 
Aug. 29, 1959 (H.M. Koepke and T.C. Barr). Nine paratypes (Cincinnati 
Mus. Nat. Hist.) from a small, unnamed cave near Sisterdale, north of’ the 
Guadalupe, Kendall Co., Texas, April 15, 1959 (Ralph Ewers). 

Diagnosis——A microphthalmous Rhadine with obsolete elytral  striation, 
closely related to A. infernale but differing in the rounded tips of the terminal 
palpal segments, the subequal III and IV antennal segments, and the propor- 
tionately longer head. 


Holotype —TL 7.6, HL 1.79, HW 0.92, PL 1.80, PW 1.06, EL 4.05, EW 
2.30. 


Schneider's Ranch Cave Sample of A. koepkei n. sp. (N = 20) 


R M S.D. V(%) 
TL 7.0-7.9 ff 0.3 2.8 
HW/HL 0.47-0.54 0.51 0.02 3.9 
PW/PL 0.53-0.61 0.57 0.02 3.5 
EW/EL 0.52-0.59 0.56 0.02 3.6 
PL/HL 0.95-1.13 1.01 0.05 5.0 
EL/PL 2.19-2.41 2.30 0.19 8.3 
ANT 4/3 0.97-1.09 1.01 0.02 2.0 


Description—Length 7.0-7.9. Elongate slender; head and prono- 
tum shining, elytra dull shining; dark rufotestaceous; sparsely pubes- 
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cent. Eyes paie without facets, about 1/20 a head length; base of head 
constricted and then expanded into a subglobular condyle, which is 
less pronounced than in most of the microphthalmous species. Pro- 
notum: About as in infernale s. str., averaging a little less than 6/10 
as wide as long, about equal to head in length. Elytra: Averaging 
11/20 as wide as long, longitudinal striae obsolete except in pale, re- 
cently emerged specimens; surface alutaceous, dull shining; apex as 
in infernale. Labial and maxillary palps pubescent, the last segments 
fusiform, not swollen; the apices rounded, neither truncate nor pro- 
duced, glabrous, pale or hyaline. Segments III and IV of antenna sub- 
equal in length; moderate pubescence beginning on III, a little denser 
on IV-XI. Aedeagus: Not differing appreciably from that of infernale, 
measuring 1.15-1.19 mm in length. 


11. Agonum (Rhadine) tenebrosum n. sp. 
Figs. 1C, 2K, 3B 


Type series—Holotype male (Canadian Nat. Coll. No. 7118), allotype fe- 
male, and 12 paratypes, Wilson’s Cave, 25 mi. SW of Hunt, Kerr Co., Texas, 
Mar. 31 and April 9, 1959 (Becker, Howden, and McAlpine). Six paratypes, 
cave on Humble Oil Pumping Station “C” property, near Hunt, Kerr Co., 
Texas, Mar. 21, 1959 (Ralph Ewers). 


Diagnosis.—Similar to infernale in having the tips of the last palpal seg- 
ments truncate, differing most conspicuously in the retention of longitudinal 
elytral striae, the advanced degree of pubescence, the smaller aedeagus, and the 
more slender body proportions. 


Holotype —TL 7.1, HL 1.75, HW 0.87, PL 1.66, PW 0.88, EL 3.68, EW 
1.93. 


Wilson’s Cave Sample of A. tenebrosum n. sp. (N = 14) 

R M S.D. 

TL 6.3-8.0 7.2 0.5 

HW/HL 0.44-0.51 0.47 0.02 

PW/PL 0.49-0.56 0.52 0.02 

EW/EL 0.50-0.54 0.52 0.01 

PL/HL 0.88-1.00 0.95 0.03 

EL/PL 2.05-2.38 2.23 0.09 

ANT 4/3 0.79-1.00 0.89 0.05 


Description.—Length 6.3-8.0 mm. Elongate, slender; shining rufo- 
testaceous, pubescent. Head: Half as wide as long, widest at base of 
mandibles and attached to prothorax by a subglobular condyle; genae, 
gula, and submentum with scattered, rather long pubescence and frons 
and vertex with shorter pubescence; labrum bisinuate; frontal grooves 
short, antennal ridge and rugulae attaining posterior angle of eye and 
beyond; eye about 1/20 a head length. Pronotum: Half as wide as 
long; widest in basal 3/7; apex and base subequal, 2/3 the maximum 
width; anterior marginal setae at apical 2/7, posterior setae in hind 
angles; disc lightly pubescent, subgranulate, a few medial transverse 
striae; margin with evident sinuation before anterior setae and again 
before the hind angles, which are small, acute, rounded. Elytra: 
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Elongate, convex, apical sinus shallow, apices acute, finely dehiscent; 
interstriae with well-developed rows of fine pubescence; longitudinal 
striae feeble but distinct, faintly punctulate; two weak discal punctures 
on 3rd interval; usual number of marginal punctures 14, with whip- 
like setae in 3, 9, and 13. Appendages: Palps pubescent, the apices 
of the terminal segments rounded, pale, glabrous. Antenna with all 
segments decidedly pubescent except I, denser pubescence beginning 
on IV; segment III a little longer than IV. Aedeagus: 0.91-0.93 mm 
long, short, weakly arcuate, slender, apex rather attenuate. 


12. Agonum (Rhadine) specum n. sp. 
Figs. 2L, 3E 


Type series—Holotype male (Cal. Acad. Sci. ent.), and allotype female. 
Cave-Without-A-Name, Kendall Co., Texas, August 25, 1959 (T.C. Barr) ; 
female paratype, Cascade Caverns, Kendall Co., Texas, August, 1959 (H. M. 
Koepke) ; female paratype (Cincinnati Mus. Nat. Hist.), Alzifar Cave, on the 
Koepke Ranch, Kendall Co., Texas, March 15, 1959 (R. Ewers). 

Diagnosis——A slender microphthalmous species with the last segments of 
the palps swollen and apically produced as in exile Barr and Lawr., differing 
from exile in not having the head sharply constricted behind; in the higher 
head, pronotal, and elytral indices and the higher EL/PL (ranges of all ratios 
mutually exclusive); and in the larger aedeagus; differs from subterraneum 
(Van Dyke) in the larger eyes, the presence of 2 pairs of pronotal setae, and 
the smaller and more arcuate aedeagus. 


Holotype —TL 6.81, HL 1.56, HW 0.74, PL 1.75, PW 0.77, EL 3.50, EW 
1.61, aedeagus 0.91. 


Type Series of A. specum n. sp. (N= #4) 


R M 
TL 6.5-8.3 7.4 
HW/HL 0.43-0.47 0.45 
PW/PL 0.40-0.45 0.43 
EW/EL 0.47-0.48 0.48 
PL/HL 1.06-1.12 1.08 
EL/PL 2.00-2.12 2.05 
ANT 4/3 0.88-0.97 0.91 


Description —Length 6.5-8.3 mm, maximum width (elytra) 1.6- 
2.1 mm. Elongate, very slender; shining, pale rufotestaceous; similar 
to exile when not otherwise specified below. Head: Less than half as 
wide as long; surface with scattered, rather coarse pubescence, shining; 
not sharply constricted posteriorly, i.e., condyle for articulation with 
prothorax not subglobular. Pronotum: 4/10 as wide as long, widest 
just behind the middle; base slightly wider than apex, 7/10 the maxi- 
mum width; anterior marginal seta just behind apical %4, posterior 
seta in hind angle; surface glabrous, shining, indistinctly granulate; 
margin subparallel in apical 1/7 and basal 1/20, gently arcuate be- 
tween. Elytra: Subconvex, not quite half as wide as long and fully 
twice as long as pronotum; surface shining, sparsely pubescent; longi- 
tudinal striae shallow but distinct; marginal punctures 14; some spe- 
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cimens with a small puncture on 3rd interval behind the middle. 
Appendages: Palps pubescent, their last segments fusiform, slightly 
swollen, the apex produced, pale, and glabrous. Antenna when laid 
back reaching beyond middle of elytra. Aedeagus: 0.91 mm long in 
holotype. 


13. Agonum (Rhadine) exile Barr and Lawrence 
Figs. 1D, 2M, 3F 


Agonum (Rhadine) exile Barr and Lawrence 1960. Wasmann J. Biol., 18. 


This extremely slender, depressed species (7.0-8.4 mm long by 1.4- 
1.8 mm wide) is known only from caves near Helotes and Camp Bul- 
lis in the upland north of San Antonio, in northern Bexar Co., Texas. 
It may be distinguished by the low width/length indices for the head, 
pronotum, and elytra (Barr and Lawrence 1960); the swollen ter- 
minal palpal segments, finely and densely pubescent with abruptly 
attenuate, produced tips; consistently striate elytra; and the unusually 
small aedeagus (0.71-0.77 mm). 


14. Agonum (Rhadine) subterraneum (Van Dyke) 
Figs. 2G, 3D 


Comstockia subterranea Van Dyke 1918:172. (Type: Sam Bass Cave, McNeil, 
Travis Co., Texas; Cornell Univ., Dept. Ent. Coll.). 


Agonum (Rhadine) subterraneum, Barr and Lawrence 1960. Wasmann J. 
Biol., 18. 


Diagnosis——A microphthalmous cave species with the last palpal segments 
swollen, pubescent, apically produced, and with the greatest width of the pro- 
notum in its basal third; easily distinguished by the microscopic eyes (about 
0.025 mm) and the absence of the posterior pair of pronotal setae. 


Type female—TL 7.9, HL 1.75, HW 0.74, PL 1.93, PW 0.78, EL 4.18, 
EW 1.98, ANT 4/3 0.94. 


Beck’s Ranch Cave Sample of A. subterraneum (Van Dyke) (N = 13) 
R .D. 


M S.D 
TL 7.3-8.9 7.9 0.5 
HW/HL 0.40-0.45 0.42 0.02 
PW/PL 0.39-0.46 0.42 0.02 
EW/EL 0.43-0.58 0.49 0.03 
PL/HL 1.00-1.17 1.09 0.05 
EL/PL 1.93-2.22 2.05 0.08 
ANT 4/3 0.90-1.00 0.94 0.02 


V(%) 


Description.—Length 7.3-8.9 mm. Form very slender and elongate; 
head and thorax shining, elytra dull shining; rufotestaceous. Head: 
Extremely narrow, elongate behind the bases of the antennae, con- 
stricted at neck, attached to prothorax by a subglobular condyle; 
surface glabrous except for pubescent submental foveae; labrum feebly 
bisinuate; frontal grooves shallow, broad; antennal ridge weak; eyes 
almost completely absent, their site indicated by a tiny, pale spot the 
diameter of a supraorbital puncture (about 0.020 x 0.025 mm). Pro- 
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notum: Greatly elongate, 4/10 as wide as long, widest in basal 1/3, 
1/5 wider than head; apex 34 as wide as base and half the maximum 
width; surface glabrous, with a median subconvex ridge and lateral 
flattened areas near the margin, which is narrow and slightly reflexed; 
anterior angles effaced; posterior angles small, acute, rounded; both 
pairs of marginal setae absent. Elytra: Elongate elliptical, a little less 
than half as wide as long and twice as long as the pronotum; surface 
glabrous, alutaceous; apical sinus shallow, apices acute, dehiscent, only 
slightly produced; longitudinal striae feeble but distinct; a pair of 
small discal setae on the 3rd stria behind the middle; marginal punc- 
tures usually 12, with long, whip-like setae in the 3rd, 9th, and 11th 
punctures. Appendages: Mandibles of moderate proportions; maxil- 
lary and labial palps densely pubescent, the terminal segments fusi- 
form, somewhat enlarged, their apices produced, pale white, glabrous. 
Antennae long and slender, attaining the apical third of the elytra 
when laid back; segment III slightly longer than IV; dense pubescence 
beginning on IV, sparse pubescence on III and apical half of II. Legs 
long and quite slender; no grooves on front tarsi. Aedeagus: 1.10-1.17, 
mean of 4 specimens 1.12 mm; basal bulb expanded; median lobe 
very slender, weakly arcuate in the mid-portion, apically attenuate; 
vas deferens with proximal patch of long, slender, apiculate scales. 


EvoLUTION OF CAVERNICOLE RHADINE 


That members of the subgenus Rhadine are preadapted for a cave 
existence is readily seen from the common occurrence of its normally 
epigean species (a) either in caves, cellars, or mammal burrows, or 
(b) in cool, moist environments beneath decaying logs, at high ele- 
vations. 

The cavernicolous Rhadine may be arbitrarily divided into three 
groups: (1) facultative troglophiles — normally epigean species which 
are not uncommon in caves but show no special modifications asso- 
ciated with cave life — including caudatum, jonesi (?), ozarkense (?), 
and rubrum; (2) habitual troglophiles— species known only from 
caves but with comparatively large eyes — including longicolle, how- 
deni, babcocki, and probably Spelaeorhadine araizai; and (3) troglo- 
bites, including infernale, koepkei, tenebrosum, specum, exile, and sub- 
terraneum. 

The facultative troglophiles include at least two species groups: 
caudatum, jonesi, and ozarkense are obviously closely related, and 
rubrum is allied to anthicoides Csy. and longipes Csy. Careful collect- 
ing in western caves will probably reveal other normal epigean spe- 
cies which can readily colonize suitable caves. At the present time 
jonesi and ozarkense are known only from the type caves, yet their 
lack of special cave modifications indicates that this is perhaps a result 
of inadequate and unsystematic collecting. 

Among the habitual troglophiles howdeni and babcocki are so 
similar that they could perhaps be regarded as sibling species. A. lon- 
gicolle approaches howdeni and babcocki in its slender form and in 
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the hypertrophy of the femoral setae, but its rounded elytral apices 
and the larger, thicker aedeagus with intensely scaly vas deferens be- 
speak other affinities and suggest convergence. S. araizai is probably 
allied to howdeni and babcocki. 

The six known species of troglobites are characterized by reduction 
in size, slender body and appendages, development of pubescence, re- 
duction in eyes, and by hypertrophy of the elytral marginal setae, three 
of which are typically long and whip-like. Three of the species — 
exile, specum, and subterraneum —exhibit an unusual modification , 
of the last segment of the labial and maxillary palps, which has becorme 
fusiform, swollen, and produced at the apex. A. infernale and A. tene- 
brosum, with their truncate palpal segments, are probably the most 
primitive forms and share a close common ancestry with koepket, 
which is intermediate in palpal development, the last segment being 
fusiform and apically rounded but not swollen or produced. The slen- 
der body form reaches its highest development in exile and subterra- 
neum, and the extreme palpal enlargement and attenuation is found 
in exile and specum. Pubescence may be sparse, as in infernale, or 
extreme, as in tenebrosum, the other four species occupying interme- 
diate positions with respect to this character. The trend toward eye 
reduction culminates in subterraneum, though the eye is distinctly 
smaller in exile than in infernale, tenebrosum, koepkei, and specum. 
All six species probably represent a single phyletic line. There are no 
known epigean representatives of this species group. 


Fig. 3—Right maxillary palp of Agonum (Rhadine) spp., ventral view. 
A. infernale s. str. Barr and Lawrence. B. tenebrosum n. sp. C. hoepkei n. sp. 
D. subterraneum (Van Dyke). E. specum n. sp. F. exile Barr and Lawrence. 
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At least seven evolutionary trends may be noted among the hab- 
itual troglophiles and the troglobites: (1) reduction in size, (2) re- 
duction in eyes, (3) slender body and appendages, (4) development 
of pubescence, (5) rounding of the apex of the last palpal segments, 
with a tendency toward enlargement and attenuation, (6) hypertro- 
phy of the femoral setae, and (7) hypertrophy of elytral marginal 
setae. The last three are in all probability tactile modifications of posi- 
tive adaptive value in an aphotic environment. Reduction in size and 
acquisition of a slender body and slender, elongate appendages are 
commonly regarded as adaptations to moving about through narrow 
crevices, though there are possibly as yet unrecognized selective factors 
favoring these modifications. No wholly satisfactory explanation for 
the increase in pubescence— common among cave carabids of the 
tribe Trechini — is known to me at the present time. I prefer to re- 
gard the reduction of eyes as the result of mutation pressure unop- 
posed by selection pressure (a theory of regressive evolution first 
espoused, I think, by August Weismann). Whether the greater eye 
reduction in subterraneum reflects a correspondingly longer evolution- 
ary history underground, a more rapid rate of regression, or early for- 
tuitous fixation of a complex of recessive alleles, I do not know. 


SPECIATION IN CAVERNICOLE RHADINE 


One might suppose that the absence of wings, a high humidity re- 
quirement, and the burrowing habit would serve rapidly to isolate 
various populations of Rhadine, giving rise to numerous local species. 
This may be true in the warm, arid or semi-arid regions of the south- 
west, but as a general rule this concept is seriously questioned by the 
widespread distribution of A. caudatum, known from Maryland west 
to central Illinois and south to Virginia, Tennessee, and Alabama. 
Possibly future collecting will show A. jonest to be a coastal plain spe- 
cies, replacing caudatum below the fall line. A. ozarkense may possibly 
fill the caudatum niche in the Ozark Plateau. 


The closest known relative of A. longicolle is unquestionably A. 
longiceps (Van Dyke), from the vicinity of Alpine, Texas, a species 
with which it shares the grooved mentum tooth, single marginal pro- 
notal seta, non-caudate elytra, and intensely scaly vas deferens. The 
two forms are allopatric and their differences are minor ones, yet the 
smaller aedeagus in longiceps, without the sharply deflexed apex char- 
acteristic of longicolle, suggests (as in the case of caudatum and jonesi) 
that the corresponding gene pools have drifted far enough apart that 
there is no exchange between them. 


A similar situation exists between A. howdeni and A. babcocki, 
two allopatric species closely resembling each other. Their known 
geographic ranges are mutually exclusive yet nearly contiguous. 
Aedeagal differentiation admits only the interpretation of genetic dis- 
continuity, yet these two species cannot be far from the point of di- 
vergence 
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The two stocks of the troglobite species present the same picture 
of recent divergence on a geographically smaller scale. The interpre- 
tation of the known distribution of the known six species is fraught 
with alternative hypotheses, some of which are, however, susceptible 
to future testing by careful collecting in specified areas.1 The sug- 
gested phylogeny of the known species is diagrammed in Figure 4, with 
the five points of genetic divergence indicated by s,-s; and the two 
principal stocks by A, and Ag», stock A, representing the presumed 
epigean ancestor of the species group. For the purposes of the follow- 
ing discussion it is assumed that speciation in each case has been allo- 
patric. 


Fig. 4.—Phylogeny of Texas troglobite 
Agonum (Rhadine) of the subterraneum 
group. Explanation in text. 


The late Pliocene or early Pleistocene stream levels at the eastern 
edge of the Edwards plateau are represented by deposits known as the 
Uvalde gravels, which occur in terraces high above the present streams. 
These streams entered upon their present erosional cycles with the in- 
ferred uplift of the plateau at the onset of the Pleistocene. Probably 
none of the caves at the eastern margin of the plateau is any older 
than early Pleistocene. Stock A, has diverged at least twice (s, and s;) 
since its original colonization of the caves of the Guadalupe River 
basin. A. tenebrosum is regarded as a derivative of A, by headward 
dispersal through subterranean channels associated with development 
of the Guadalupe (see Barr, 1959, for discussion of this means of dis- 
persal in cavernicole carabids). These channels are more likely to be 
continuous near the headwaters of the stream, and tenebrosum now 
seems to be wholly disjunct from both downstream species descended 


1 It is recognized that additional collecting to substantiate a hypothesis fre- 
quently (at least among cavernicoles) invalidates one or more of the assump- 
tions by which the original question was formulated! 
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from A,. A. infernale and A. koepkei are morphologically and geo- 
graphically much closer to each other than to tenebrosum, and are 
separated only by the Guadalupe River, which, by deepening and 
widening its channel, apparently effected complete disjunction (s;) 
of the populations of A, along its left and right banks. The diver- 
gence s, was probably earlier than s;, on both morphological and geo- 
logical grounds. A thorough biological exploration of Guadalupe val- 
ley caves, especially between Sisterdale and Hunt, would be most 
interesting if it yielded additional specimens of troglobite Rhadine. A 
gap of at least 50 miles, as the river flows, remains in our knowledge 
of the distribution of stock A;. It is possible that undiscovered dis- 


junct populations exist in isolated relicts of the Guadalupe cave net- 
work. 


If specum-exile and subterraneum are in fact close relatives (as I 
believe), and not the product of convergent evolution, one is con- 
fronted with two alternatives: (1) the ancestral stock A, successfully 
and independently colonized caves in both the San Antonio and Austin 
areas, or (2) stock A, successfully colonized caves only once, and by a 
process of dispersal along underground stream channels and consecu- 
tive transfer by subterranean stream piracy has extended its range 80 
miles or more along the Balcones fault zone from the Colorado River 
drainage system to the Guadalupe. If the latter hypothesis is correct, 
we could expect the discovery of related species in the intervening 
caves of Travis, Hays, Comal, and Blanco Counties. 


The disjunction (s;) between specum and exile cannot be satis- 
factorily explained at present. A. specum is found in the caves ex- 
cavated in the limestones at the top of the Trinity group (Glen Rose) 
at lower elevations than the upland caves at Helotes and Camp Bullis, 
which are developed in limestone of the Fredericksburg group capping 
an outlier of the plateau. It is possible, on geologic grounds, that the 
upland and lowland cave systems are distinct and mutually exclusive, 
but the single female A. i. infernale from Alzifar Cave, just south of 
the Guadalupe, argues against this view, since it indicates that infern- 
ale ranges across the supposed barrier. Clearly more specimens of 
both species are required from the lowland caves around Boerne. 


SUMMARY 


Descriptions and a key to species are given for the 13 known cav- 
ernicole species of the subgenus Rhadine (genus Agonum) from the 
United States: caudatum (Lec.), jonesi n. sp., ozarkense (Sanderson 
and Miller), rubrum n. sp., longicolle (Benedict), howdeni Barr and 
Lawrence, babcocki n. sp., infernale infernale Barr and Lawrence, 
infernale ewersi n. subsp., koepkei n. sp., tenebrosum n. sp., 
specum n.sp., exile Barr and Lawrence, and subterraneum (Van 
Dyke). Evolutionary trends and speciation in the group are discussed, 
with particular reference to the microphthalmous, troglobite species 
from the Edwards plateau of Texas. 
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INTRODUCTION 


Cavernicolous Pselaphidae have been known from Europe for over 
a century, ¢.g., Machaerites spelaeus Miller, 1855 and M. subterraneus 
(Motschulsky), 1859, both from caves in Carniola, that is to say, 
northeastern Italy-northwestern Yugoslavia (Jeannel, 1950). 

By contrast, American cavernicolous pselaphids were unknown 
prior to 1951 and since this date have received considerable attention 
(Park, 1951, 1956, 1958). About the same time cavernicolous psela- 
phids of Japan were reported by Yoshida and Nomura (1952), and 
more recently by Jeannel (1958). 

The present study reviews the status of North American cavernico- 
lous pselaphids, describes thirteen new taxa, and discusses the zodgeo- 
graphic and evolutionary patterns exemplified by the group. A key 
to tribes, genera and species is included. 

At the present time there are three tribes, six genera, and thirty- 
three species known to inhabit caves in North America, chiefly lime- 
stone caverns in the southern Appalachian system of mountain ranges 
and plateaus. Collection of this material has occupied the effort and 
time of many people. Primarily in the order of reception of research 
material, these gentlemen are as follows: Walter B. Jones, State Geol- 
ogist of Alabama; J. Manson Valentine, Highlands, North Carolina; 
René Jeannel, Muséum National d’Histoire Naturelle, Paris; Thomas 
C. Barr, Jr., Tennessee Polytechnic Institute; Leslie Hubricht, Louis- 
ville, Kentucky; Carl H. Krekeler, Valparaiso University; Harrison 
R. Steeves, Birmingham, Alabama; Walter R. Suter and John A. 
Wagner, Northwestern University. The author thanks them for their 
help, without which this report would have been impossible. 


1 Some of the data in this report were presented on December 28, 1959, at 
a symposium sponsored by the National Speleological Society and the Society 
of Systematic Zoology at the Chicago meetings of the American Association for 
the Advancement of Science, 
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SYNONYMIES AND DESCRIPTION OF NEw TAXA 
Recent investigations since my last report (Park, 1958) have re- 


vealed the presence of thirteen new populations, herein described, and 
have indicated the need to synonymize various taxa. 


Arianops (Arispeleops) stygica new species 
Type Male. Head 0.53 mm long x 0.42 mm wide; pronotum 0.53 x 0.47; 
elytra 0.67 x 0.67; abdomen 0.8 x 0.67; total length 2.53 mm. 


Moderate shining brown with subimpunctate integuments; pubescence 
rather sparse, long and appressed except bristling on genal areas. 

Head with eyes absent; the conventional replacing spine absent and in 
turn replaced by an inconspicuous tumulus at end of the clypeo-genal carina; 
tempora long and convergent; vertex with a pair of small vertexal foveae near 
occiput; occiput scabro-striate medianly and weakly bisected by a low carina 
to a point between vertexal foveae; a rather conspicuous, subquadrate con- 
cavity between the widely separated antennal tubercles; front simple, de- 
clivous and bounded by a strong clypeal-genal flange; labrum transverse 
with acute angles and bearing a pair of cusps at center of distal margin; 
left mandible crossed dorsal to right; ventral surface of head and maxillary 
palpi as for cavernensis. 

Antennae 1.4 mm long, slender, widely separated, eleven-segmented; first 
nine segments longer than wide, I and II relatively large, III to VIII sub- 
equal in width, eighth shorter; club of last three segments, IX elongate oval 
with ventral face slightly concave apically, much larger than eighth; X with 
width equal to length, as long as eighth, suboval; XI largest segment, as long 
as preceding three segments united, with apical end rather abruptly tapered and 
heavily pubescent. 

Pronotum as wide as head, longer than wide, rounded truncate-oboval, | 
disc simple and convex; six baso-lateral foveae placed as follows, one on each 
side of center of base, one on each side at lateral third of length, and one 
each side between these two; basal margin transversely microstriate-alutaceous. 

Elytra with long, gently sloped humeri; base of each elytron raised in a 
carinoid margin; elytron with neither antebasal nor subhumeral foveae, lack- 
ing any discal impression, but with an entire and well developed sutural 
stria, flank with a carina which arises at basal third of lateral margin and 
continues obliquely to distal margin. 

Abdomen with five tergites in median length ratio of 4.5/1.6/1.2/9.5/2.0. 
First tergite with a pair of short basal abdominal carinae obscured by pubes- 
cence. Fifth tergite with a very conspicuous fovea at center of upper margin 
of posterior face. Seven sternites in median length ratio of 1.0/4.0/1.3/1.0/- 
1.0/2.0/1.5. Third sternite bearing at center a short cusp; seventh sternite . 
in the form of a triangular aedeageal plate. This plate is entirely surrounded 
by the deeply incised fifth tergite and the concave sixth sternite, this latter 
bears a foveoid concavity on each side of generally concave surface. 

Prosternum, mesosternum and mesocoxal cavities as described for jean- 
neli, but the metasternum bears a very prominent fovea near posterior margin. 
Legs long, slender, unarmed, with last tarsomere bearing a rather short claw 
and a shorter divergent accessory claw. 


Described on one male, the type. in author’s collection. Collected 
by Leslie Hubricht and T. C. Barr, Jr. in Cumberland Caverns, War- 
ren County, Tennessee on June 23, 1957. 
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This new species is not too closely related to other members of the 
genus. By the absence of the median antebasal fovea and cusps it 
belongs in the subgenus Arispeleops; six baso-lateral foveae are similar 
to Arianops (Arianops) amplyoponica (Brendel), 1890 and plectrops 
Casey, 1897. 


Batrisodes (Babnormodes) gemmoides new species 


Type Male. Head 0.44 mm long x 0.45 mm wide; pronotum 0.44 x 0.44; 
elytra 0.64 x 0.60; abdomen 0.50 x 0.67; total length 2.0 mm. 


Shining reddish brown, with moderately long and sparse pubescence which 
is bristling in genal areas, semierect on pronotum and elytra, and almost 
prostrate on abdomen. Integuments polished and weakly asperate-micro- 
punctulate. 

Head with moderately prominent eyes of about 40 facets; lateral vertexal 
carinae well developed; vertex convex between the two nude, deep vertexal 
foveae; U-shaped interfoveal sulcus which becomes evanescent apically; face 
(front and clypeus) dorsally gently declivous between antennal tubercles, this 
area with microsetae, each seta in a minute asperity and the frontal margin 
blackened and medianly extended to give a rounded-triangular outline; this 
frontal margin slightly overhanging the lower face; lower face more steeply 
declivous and bears medianly an inconspicuous longitudinal tubercle; lower 
clypeal area sparsely microgranulate. 

Antennae with segment X slightly flattened on ventral face; segment XI 
with ventral face flattened and bearing a small poroid scar. 

Pronotum, elytra, abdomen and legs essentially as for subgenus Babnor- 
modes and very similar to subterraneus as described previously (Park, 
1951:30). Abdomen with five visible tergites in median length ratio of 
4.5/2.0/1.5/2.5/1.8 with first tergite bearing a pair of basal abdominal carinae 
that are about one-fifth as long as segment and separated by about 23 percent 
of total tergite width; fifth tergite with posterior margin slightly concave 
medianly, this tergite vertical. Five sternites fully visible, in median length 
ratio of 2.2/1.0/0.8/1.0/2.0 with the posterior margin of the fifth sternite 
slightly convex medianly. 

Female similar to male except that (1) the eyes are smaller, of 
about 10 facets; (2) face rather uniformly and steeply declivous be- 
tween antennal tubercles, without a frontal margin, lacking a median 
tubercle and the declivity very sparsely microgranulate; (3) antennal 
segments X and XI simple, with convex unmodified ventral faces; 
(4) mesotarsi not abnormally formed. 

Described on a pair, type and paratype in author’s collection, col- 
lected by T. C. Barr, Jr., in Columbia Caverns, Dickson County, Ten- 
nessee on March 5, 1957. 

Within the subgenus Babnormodes, gemmoides has the entire, 
blackened, produced, frontal margin of gemmus (Park, 1956:71) and 
both species have a clypeal tubercle. On the other hand, gemmoides 
has the distal (eleventh) antennomere with ventral face flattened and 
bearing a small poroid scar near mesio-basal angle, whereas this seg- 
ment in gemmus is simply convex and unmodified. The description 
of the eleventh antennal segment in gemmoides is the same as in barri 
(Park, 1958:40), but barri has the ventral face of the tenth antennal 
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segment bearing a conspicuous fovea. These three species appear to 
form a species group within the subgenus, and all three are from caves 
in Dickson County, Tennessee. Gemmus is known from Jewel Cave; 
gemmoides from Columbia Caverns; and barri, described from Dickson 
Cave, has also been collected from Columbia Caverns. This latter col- 
lection (T. C. Barr, Jr., June 22, 1957) of barri in the type locality of 
gemmoides placed two allied species in the same cave. The two species 
are very distinct from each other in numerous cephalic and antennal 
details and are not difficult to separate taxonomically. 


Batrisodes (Babnormodes) ferulifer new species 


Type Male. Head 0.47 mm long x 0.47 mm wide; pronotum 0.47 x 0.46; 
elytra 0.7 x 0.8; abdomen 0.74 x 0.67; total length 2.4 mm. 


Moderately shining dark reddish brown; pubescence long, sparse but 
flavous and obvious against the dark integumental background, appressed 
except for bristling genal beard; integuments subimpunctate. 

Head with moderately prominent eyes of about 40 facets; lateral vertexal 
carinae well developed; vertex convex between the two nude, deep vertexal 
foveae; interfoveal sulcus defined near foveae but broadly evanescent and 
confused apically, this sulcus appearing as a broken, inverted U in some 
lights and as an inverted V in others; front gently declivous between antennal 
tubercles, this area confused and weakly scabro-punctate and with well 
defined lateral margins over antennal acetabulae but broadly united with 
clypeal area medianly; clypeal area more declivous and distally granulate- 
punctate, bearing a median longitudinal carinoid tumulus from apical clypeal 
margin for apical half of clypeal area. 

Antennae with segment X not foveate on ventral face; segment XI large, 
ventral face slightly flattened and bearing a weak foveoid scar. 

Pronotum with median discal sulcus extending over disc for the basal 
three-fourths of discal length. 

Elytra with inconspicuous sloped humeri; each elytron trifoveate near 
base, with weak sutural stria and weak discal impression for basal third of 
elytral length; flank of elytron bearing a poorly developed subhumeral fovea 
and subepipleural sulcoid impression. 

Abdomen with five visible tergites in a median length ratio of 4.0/2.8- 
2.0/2.5/2.0 with first bearing a pair of basal abdominal carinae that are 
one-fifth as long as segment and separated by 22 percent of segmental width. 
Sternite ratio not attempted as the aedeagus is exserted. As is usual in the 
subgenus Babnormodes the aedeagus is a very reduced plate which does not 
offer those bizarre features so useful in discrimination of species of Empinodes 
and Batriasymmodes. Legs characteristic of males of Babnormodes, with pro- 
tibiae distally flattened and slightly contorted; mesotarsi abnormal, with the 
second tarsomere compressed, glabrous, translucent and ventrally notched. 


Described on a single male, the type in author’s collection, and 
collected by T. C. Barr, Jr. in Benderman Cave, near Southport, 
Maury County, Tennessee, on August 10, 1957. 

Ferulifer is another member of the gemmus - barri - gemmoides 
group. The tenth antennomere is similar to gemmus, the eleventh an- 
tennomere is similar to gemmoides and barri. The frontal margin is 
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much more interrupted medianly than any others in the group, and 
ferulifer differs from the other three in having a rodlike carinoid tu- 
bercle from mid-clypeal margin to over half of clypeal area. 


Batrisodes (Babnormodes) jocuvestus new species 


Type Male. Head 0.33 mm long x 0.42 mm wide; pronotum 0.42 x 0.38; 
elytra 0.64 x 0.60; abdomen 0.56 x 0.53; total length 1.95 mm. 


Shining reddish brown; pubescence sparse, rather long and semiappressed, 
except for bristling genal beard; integuments subimpunctate except for a 
slight microasperation at origin of each seta. 

Head with moderately prominent eyes of about 40 facets; lateral vertexal 
carinae entire but not strongly developed; cervicum and occiput bisected by 
a carina that terminates between the two deep, nude vertexal foveae; this 
occipital carina is interrupted, and weakly formed on the convex vertexal 
field between the vertexal foveae; these foveae are united by an inverted U-shaped 
sulcus which is entire; front gently declivous between antennal tubercles, 
shining and sparsely microgranulate; the frontal margin is blackened and 
carinoid laterally over the antennal acetabulae but medianly becomes weaker, 
although it is entire from a direct dorsal view; clypeal area crowded micro- 
granulate and medianly bisected by a carinoid ridge; this clypeal ridge is 
more strongly formed at its origin on the apical clypeal margin, becoming 
lower and broader to finally merge with the angulate median point of the 
frontal margin; this union means that the face is weakly trisected by an 
inverted Y-shaped figure. 

Antennae with segment X not foveate on ventral face; segment XI with 
ventral face slightly flattened for basal half. 

Pronotum with the disc not bearing a median longitudinal sulcus. 

Elytra as described for ferulifer. 


Abdomen with five visible tergites in median length ratio of 4.0/2.0/1.6- 
2.5/1.4 with the first bearing a pair of basal abdominal carinae that are 
one-fourth as long as segment and separated by 20 percent of segmental 
width at tips. Five sternites visible in median length ratio of 2.7/1.0/0.7/- 
1.7/1.8. 


Legs characteristic of males of subgenus Babnormodes, as noted for 
ferulifer. 


Described on a single male, the type in the author’s collection. 
Collected by Walter R. Suter in Aladdin Cave, near Maysville, Madi- 
son County, Alabama, on June 20, 1959, and given to the author by 
John A. Wagner. 

Jocuvestus is another member of the gemmus - barri - gemmoides 
group. The combination of the trisected face, flattened eleventh and 
afoveate tenth antennal segments serves to separate jocuvestus from 
its allies. Furthermore, all of the group inhabit caves in Dickson 
County, Tennessee, except jocuvestus known from a single cave in 
Madison County, Alabama. This new cavernicole is most closely al- 
lied on external anatomy to ferulifer among cavernicoles, and to 
Babnormodes appalachianus Casey among the epigean fauna (Park, 
1947). 
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Batrisodes (Babnormodes) clypeospecus new species 
Type Male. Head 0.45 mm long x 0.42 mm wide; pronotum 0.42 x 0.42; 
elytra 0.64 x 0.64; abdomen 0.60 x 0.60; total length 2 mm. 


Shining reddish brown, with flavous, moderately long and abundant pubes- 
cence which is semiappressed except for bristling genal beard; integuments 
subimpunctate except for face. 

Head with moderately prominent eyes of about 32 facets; lateral vertexal 
carinae poorly developed; short occipital carinae poorly developed; vertex 
tumid between the two deep, nude vertexal foveae; inverted U-shaped inter- 
foveal sulcus broadly interrupted apically; vertex external to the interfoveal 
area coarsely punctate, the antennal tubercles especially so, with each having 
about nine very coarse punctures; face declivous and unmodified, with the 
dorsal or frontal area coarsely punctate and the ventral or clypeal -area 
microgranulate. This clypeal area is diagnostic: the clypeus narrows distally 
to form the narrow clypeo-labral suture; immediately posterior to this suture 
the clypeus is laterally expanded and dorsoventrally thickened, with sub- 
acute lateral angles; this thickened area bears a slightly raised biarcuate 
margin, with the two arcuations uniting medianly in a thin small lobe. This 
is best studied from a direct facial view. 

Antennal with segments X and XI very large; X as wide as eleventh, with 
flattened ventral face bearing a large fovea, this fovea about three-fourths 
as long and as wide as segment, its orifice fringed with a ring of setae, and 
the fovea deeper mesially than laterally; XI with ventral face flattened, not 
bearing a spine or tooth. 

Pronotal disc bisected by a faint longitudinal sulcoid impression to apical 
four-fifths of pronotal length. 

Elytra as described for ferulifer. Metathoracic wings present. 

Abdomen with five visible tergites in median length ratio of 4.0/2.0/1.7- 
1.6/1.6 with last vertical; first tergite with a pair of basal abdominal carinae 
that are one-fourth the segmental length and separated by one-fourth of total 
segmental width. Width length ratio of five visible sternites not obtained as 
a consequence of the exsertion of aedeagus. Legs characteristic of the sub- 
genus Babnormodes, as noted for ferulifer. 

Aedeagus characteristic of the subgenus Babnormodes, consisting of a 
translucent, elongate plate which is concave distally, with the distal margin 
rounded-truncate and bearing a distally-directed cusp at center or displaced 
to the right or left of center. The intraspecies differences are small and the 
aedeagus is not the important taxonomic feature of Batriasymmodes and 
Empinodes. The aedeagus of clypeospecus has the distal cusp slightly to the 
morphological left of center; this organ measures in the type male 0.268 mm 
long, 0.140 mm at distal (morphological posterior) end and 0.100 mm at 
proximal (morphological anterior) end. 

Female as for male except that (1) eyes are rudimentary of 18 facets; 
(2) lateral vertexal carinae are rudimentary to absent and interfoveal sulcus 
more nearly entire, only narrowly interrupted apically; (3) clypeal marginal 
biarcuation less pronounced and with median point less evident; (4) antennal 
club more obviously of last three segments, X not much wider than IX, and 
slightly narrower than XI, with tenth and eleventh not unusually large and 
neither flattened nor foveate beneath; (5) legs with protibiae not distally 
expanded or contorted, and mesotarsi simply cylindrical. 


Described on eight males and thirteen females, type and twenty 
paratypes collected by Thomas C. Barr, Jr. on March 7, 1959 in Reed 
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Creek Cave, Fentress County, Tennessee. A pair in the collection of 
Dr. Barr, a pair in the collection of Mr. Steeves, type and sixteen 
paratypes in author’s collection. 

The median lobe of the clypeal margin is present in both sexes, 
and varies from a short rounded contour in the type specimen to a 
more pronounced lobe medianly everted into a small acute tooth. 

At the median portion of the clypeus between the clypeal margin 
and the clypeolabral suture a small tubercle is often present and varies 
from absent to obvious. 

One of the female paratypes was heavily infested with a fungus. 
Mycelial branches and what appeared to be fruiting bodies arose from 
the elytral suture. In general appearance this fungus looked like the 
ascomycete genus Stilbum. 

On structural grounds, the nearest ally of clypeospecus would ap- 
pear to be Batrisodes specus Park (1951:35) in the subgenus Babnor- 
modes. The aedeagei and male antennal structure are very similar 
but there is an obvious difference in the face. The clypeal margin of 
specus is blackened, thin, directed distally and is in the form of a 
broadly rounded arcuation in both sexes. 

In addition to the type series from Reed Creek Cave, Fentress 
County, there is a series collected by Harrison R. Steeves, Jr. on Sep- 
tember 10, 1959, of two males under rock in Upper Parrott Cave and 
a male and female under rock in Lower Parrott Cave, in adjoining 
Overton County, Tennessee. Two specimens in the collection of Mr. 
Steeves. 


Batrisodes (Babnormodes) pannosus new species 


Type Male. Similar in size, color, pubescence and general external anatomy to 
clypeospecus, but differing in the following ways. 


The face is sparsely microgranulate; front steeply declivous and clypeus 
lengthily declivous; where front and clypeus merge the clypeus is longitudinal- 
ly carinoid each side of the union; clypeal margin is definitive, dark in color 
with the edge very roughly and irregularly crenulate-granulate; inverted U- 
shaped interfoveal sulcus uniting two deep, nude vertexal foveae is entire and 
obvious. 

Described on five specimens (three males and two females) all 
collected by Thomas C. Barr, Jr., in Pedigo Cave (also known as Wall 
Cave). The type and three paratypes in the author’s collection, one 
paratype in collection of Dr. Barr. Type collected October 4, 1959, 
and paratypes collected December 5, 1959. 

The type locality lies about two miles north of Cookeville, Putnam 
County, Tennessee. The cave drainage is probably Blackburn Fork 
of Roaring River, thence into the Cumberland River. 

Of especial importance is the discovery that the pannosus popula- 
tion exhibited dimorphism among the males. Both sexes had a rather 
poorly developed subhumeral fovea, and the ocular facet number was 
typical of the subgenus, with the females having reduced eyes of 14 
to 18 facets and the males of 34 to 36 facets. One of the males (the 
type) had antennal segment X swollen and bearing a large fovea on 
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the ventral face, as in clypeospecus (dimorphic major form), whereas 
the other two males had an unmodified, female-like antennal segment 
X (dimorphic minor form). In other respects, such as the subgeneric- 
ally modified protibiae and mesotarsi, these minor males were typical. 
All of the five specimens had the definitive clypeal carina. 


Batrisodes (Babnormodes) tumoris new species 


Type Male. Head 0.42 mm long x 0.42 mm wide; pronotum 0.39 x 0.37; 
elytra 0.64 x 0.64; abdomen 0.60 x 0.56; total length 2 mm. 


Shining reddish brown; pubescence rather long, golden, semiappressed, 
except semierect on vertexal tumidity, and bristling genal beard; integuments 
punctulate to subimpunctate, except for a few broad, shallow punctures on face. 


Head with rather prominent eyes of about 32 facets; lateral vertexal 
carinae thin but present; median vertexal carina obsolescent; pair of nude 
vertexal foveae with a faint sulcoid impression from each fovea, the external 
margin of which is just discernible, whereas the internal sulcal wall is obso- 
lescent; these two foveal impressions do not unite anteriorly; vertex between 
the foveae and sulcoid impressions medianly tumid, this glabrous tumidity 
extending apically where it merges with the face in a simple, steeply de- 
clivous field, there being no frontal margin separating front from clypeus; 
the frontal or dorsal part of the face bears a few very large but shallow 
punctures, the face then narrows between antennal acetabulae and becomes 
just discernibly transversely impressed; ventral to this faint impression the 
clypeal area is seen to be microreticulate to the evenly rounded, subogival 
clypeal margin. 


Eleven-segmented antennae distantly articulated as usual, with a club of 
the last three segments; segments X and XI subequal in width; X with the 
ventral face bearing a large fovea; this fovea per se is deep, circular and its 
orifice fringed with a row of inwardly directed setae; the mesial wall of the 
fovea is thrown into a defined rim but the lateral wall fades into a general 
depression; the fovea has a diameter of two-thirds the length of the segment, 
and the general depression noted is about four-fifths the segmental length; 
XI with the ventral face flattened-arcuate for about the basal three-fourths 
of segmental length. 


Pronotum with the median discal sulcus absent as such, a just discernible 
trace of the impression in basal fourth of disc. 


Elytra as described for ferulifer. 


Abdomen with five visible tergites in median length ratio of 4.0/1.7/1.6/- 
2.5/1.5 with first tergite bearing a pair of well formed basal abdominal 
carinae that are one-fourth as long as segment and separated by 23 percent 
of total segmental width; last tergite vertical, simple with strongly and evenly 
rounded posterior margin. Five visible sternites but median length ratio not 
studied as a consequence of extrusion of aedeagus. Aedeagus typical of sub- 
genus, with the discal cusp acute and nearly at center of posterior margin; 
the internal sac has been extruded in two stages, the basal portion boletiform, 
as illustrated for subterraneus and valentinei (Park, 1951, figs. 7a and 8a) ; 
the distal portion of the internal sac is about half as wide and twice as long 
as the basal portion, coiled, cylindrical, and slightly thickened at terminus. 

Legs typical of Babnormodes males, as noted for ferulifer. Female similar 
to male except that (1) eyes are smaller. of 14 facets; (2) head with less 
swollen vertex, face simply declivous bearing confused, shallow, coarse punc- 
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tures dorsally between antennal tubercles and becoming punctulate ventrally, 
but lacking the distinctive vertexal vault and clypeal reticulation of the male; 
(3) antennae with simple, unmodified three-segmented club; (4) fifth tergite 


with a more rounded-triangular distal margin; (5) simple legs, with unmodi- 
fied protibiae and mesotarsi. 


Described on one pair, type and paratype, in author’s collection. 
Collected by Harrison R. Steeves, Jr. on June 21, 1959, in the twilight 
zone of McClusky Cave, Colbert County, Alabama, beneath a rock. 

This new species fits specus in a recent key (Park, 1958:43) but 
differs radically from specus and clypeospecus in the structure of the 
vertex and face. Because of its capture in the twilight zone, it was 
thought that tumoris might be an undescribed epigean trogloxene, 
especially since the cavernicolous valentinei has been taken near the 
cave mouth of Goat Cave, the type locality, by the author in small 
holes of the twilight zone. 

The reduced ocular facet number of the female tumoris suggests a 
true cavernicolous distribution. Among epigean species, tumoris is dis- 
tinctive, but most closely allied to foveicornis (Casey) of Kentucky 
and Tennessee (Park, 1947:56 and 85). 


Batrisodes (?Babnormodes) krekeleri new species 


Type Female. Head 0.43 mm long x 0.42 mm wide through eyes; pronotum 
0.43 x 0.42; elytra 0.60 x 0.67; abdomen 0.53 x 0.67; total length 2 mm. 


Only moderately shining with long, flavous pubescence which is semi- 
appressed except for the bristling genal beard; integuments punctulate except 
for the head and first three sternites noted later. 

Head with rudimentary eyes of 12 facets, lateral vertexal carinae blackened 
and well formed; vertex tumid between the two nude vertexal foveae, with a 
short occipital carina and just anteriad of this, at center of tumidity is a 
longitudinally oval impression; interfoveal sulcus broadly interrupted apically; 
vertex external to this area increasingly coarsely punctate apically and this 
vertexal area merging gradually into the coarsely punctate and lengthily de- 
clivous face; some of the median punctures of the clypeal area longitudinally 
strioid. Antennae unmodified. 

Pronotum with basal half of disc bearing a broad, poorly defined and 
just discernible longitudinal sulcoid impression. 

Elytra as described for ferulifer. 

Abdomen with five visible tergites in median length ratio of 4.4/2.0/1.5/- 
2.5/1.0 with last tergite vertical; first tergite with a pair of basal abdominal 
carinae which are 22 percent as long as segment and separated by 20 percent 
of segmental width. Five visible sternites in median length ratio of 2.0/1.0/- 
0.8/0.8/2.0 with the first three sternites coarsely, confusedly punctate and 
the second and third sternites not flat medianly but with the apical half dis- 
tinctly and progressively turned ventrally. 


Legs slightly heavier than usual with each metatibia bearing an apical 
pencil of setae. 


Described on one female, the type in author’s collection. This 
unique collected by Carl H. Krekeler, in whose honor this species is 
named, and W. Bloom on August 3, 1959, in Cave Spring, two and 
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one-half miles south-southwest of New Washington, Clark County, 
Indiana. 

The sex of the specimen precludes definite assignment to subgenus. 
Its present position in Babnormodes will probably stand, and when 
the male sex is discovered assignment can be made easily. There are 
only two Nearctic subgenera which are known to contain cavernicoles. 
Excavodes includes a single cavernicole, cavernosus Park (1951:25) 
from Butler County, Alabama, and the female of this species has an 
entirely different face. Babnormodes includes many cavernicoles. 

Of species of cavernicolous Babnormodes where the female sex is 
known, allied species are henroti, gemmus and barri. All three of 
these have the first three tergites impunctate to punctulate; gemmus 
and barri have the second and third sternites flat medianly but hen- 
roti has the posterior half of these sternites very slightly turned ven- 
trally. Therefore, krekeleri would seem to be most closely allied to 
henroti on the basis of present information; henroti Park (1956-70), 
is known from the type locality of Vance Cave, near Park City, Barren 
County, Kentucky, as well as Beckton Cave, near Park City, Barren 
County, and White Cave, Edmonson County, Kentucky; also from 
Radio Room of Mammoth Cave in the Barren County section of this 
large cavern with Green River drainage (cf. Park, 1958:45-46). 

The question whether krekelert might be an undescribed epigean 
species which had wandered in Cave Spring was easily discarded on 
present information. Epigean females of Batrisodes have been keyed 
where this sex is known (Park, 1947:62) ; krekeleri cannot fit the first 
key couplet as epigean species of Batriasymmodes are the only ones 
in which the female sex has rudimentary eyes, but all members of this 
subgenus lack metatibial spurs. 

This is the first cavernicolous pselaphid known from Indiana. 


Batrisodes schneiderensis new species 


Type Female. Head 0.42 mm long x 0.45 mm wide; pronotum 0.44 x 0.47; 
elytra 0.67 x 0.74; abdomen 0.60 x 0.67; total length 2.1 mm. 


Shining reddish brown; flavous pubescence subprostrate. Integuments as 
follows: entire vertex, except interfoveal sulcus, as well as face coarsely 
punctate; ventral surface of head coarsely, cribrately punctate; anterior fourth 
of pronotum and median first half of disc coarsely punctate; elytra sparsely 
but distinctly punctate; tergites more sparsely but distinctly punctate, the 
punctures becoming weaker and more sparse posteriorly; fifth visible sternite 
sparingly coarsely punctate. 

Head with moderately prominent eyes of about 22 facets; a pair of per- 
forate, nude, deep vertexal foveae connected by an entire, deep inverted 
U-shaped sulcus which is in sharp relief as a consequence of the punctation 
described previously; lateral vertexal carinae not evident but median vertexal 
carina black and strongly formed from base of occiput nearly to interfoveal 
sulcus; this interfoveal area flattened, not tumid; face declivous and simple, 
other than punctation. 

Antennae distantly articulated and eleven-segmented as usual, with simple, 
three-segmented club which is unmodified and typical of females. 
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Pronotum with median longitudinal discal sulcus to anterior fourth, this 
impression distinct as a consequence of punctate condition noted previously. 

Elytra with oblique, rather obvious, rounded humeral angles; each elytron 
with three nude antebasal foveae, obvious sutural stria and weak discal im- 
pression for basal third of length; flank with subhumeral fovea and sub- 
epipleural sulcus. 

Abdomen with five visible tergites in median length ratio of 4.5/2.4/1.5- 
2.5/1.4 with first bearing a pair of strong, cuneiform basal abdominal carinae 
that are between a fourth and a fifth of total tergite length and are separated 
at tips of about 22 per cent of total tergite width; fifth tergite vertical and 
medianly tumid (in certain aspects subtuberculate). Five visible sternites in 
median length ratio of 3.0/1.0/1.0/1.3/2.0 with last sternite punctate as 
noted. 

Legs unmodified, with metatibiae each bearing a rudimentary and incon- 
spicuous, tapered group of setae at apex of mesial face. 


Described on an unique female, in collection of author, collected by 
Thomas C. Barr, Jr. and H. M. Koepke in. Schneider Ranch Cave, 
twelve miles north-northeast of Boerne, Kendall County, Texas, on 
August 30, 1959. 

This is a very interesting specimen from a number of points of 
view. It may be a trogloxene but the ocular facet number of 22 facets 
is unfortunate: this number is much too low for females of subgenera 
of Batrisodes. The facet number is much too high for Batriasymmodes. 
Where the female sex is known, the epigean species have been keyed 
out (Park, 1947:62), and schneiderensis is eliminated in the first key 
couplet on facet number. Turning to cavernicoles in this genus, the 
facet number is too high for this sex (Park, 1956 and 1958). 

The metatibial spur also presents difficulties. This spur is absent 
in both sexes of Batriasymmodes, whether epigean or hypogean; it is 
present and almost always well formed in both sexes of the other sub- 
genera, whether epigean or hypogean. In schneiderensis this setose 
spur is quite short, tapered and very inconspicuous. 

Consequently, schneiderensis is intermediate in both ocular facet 
number and metatibial spurs. Finally, it cannot be placed in a sub- 
genus until the male sex is discovered. 


Bythinopsis hubrichti new species 
Type Male. Head 0.27 mm long x 0.27 mm wide; pronotum 0.27 x 0.32; 
elytra 0.49 x 0.53; abdomen 0.37 x 0.51; total length 1.4 mm. 


Moderately shining, dark reddish brown; pubescence short, sparse, semi- 
appressed. Integuments punctate as follows: head scabro-punctate granulate 
above, and sparsely but distinctively microtuberculate below; pronotum sparse- 
ly but coarsely punctate, the punctures varying from deep near base to shallow 
about disc and in certain lights these antebasal punctures appear to have a 
raised rim; elytra sparsely shallowly punctate to punctulate; tergum more 
finely punctulate. 

Head with vestigial eyes of three facets arranged in an equilateral tri- 
angle; head rather flattened above with vertex only slightly convex in median 
posterior half, with antennae on a subquadrate rostrum, the sides of which 
curve outward to form the posterior two-thirds of head; a pair of small ver- 
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texal foveae, each fovea about the size of an ocular facet, placed anterior to 
the eyes and mutually more remote than either to its adjacent lateral margin; 
a subangulate interfoveal sulcus appears to be entire but this is obscured by 
the rough punctation alluded to previously; face short, vertical, laterally 
compressed and simple; labrum short, very transverse, as wide as clypeus; 
ventral surface of head gibbous with a transverse glabrous concavity behind 
mental area, the impression surrounded by the distinctive microtubercles 
noted previously (relatively simple for males of this genus). 

Maxillary palpi four-segmented and characteristic of the genus; segment J 
very short; II very elongate, pedunculate, slightly arcuate and studded with 
microtubercles; III short, nearly cylindrical, also microtuberculate; IV longest 
and widest segment, densely clothed with fine, short pubescence and bearing a. 
palpal cone obliquely at apex, the segment briefly pedunculate then rapidly, 
asymmetrically very elongate oval, the segment being three times longer than 
wide. 


Antennae eleven-segmented, inserted in small but distinct tubercles at 
either anterior angle of the flattened rostrum; these organs 0.53 mm long: 
segment I relatively very elongate, 0.134 mm long; II to X inclusive 0.268 
mm; XI 0.134 mm long; II as wide as first, subcircular; III-VIII subequally 
wide, the third obconical, the others moniliform, much narrower than second; 
club of last three, IX slightly wider than eighth, transverse moniliform, X 
much larger than ninth, transverse trapezoidal, XI as long as first, pyriform. 

Pronotum punctate as noted previously, and with a rather large and deep 
lateral antebasal fovea each side, these two foveae connected by a deep arcuate 
antebasal sulcus; the antebasal sulcus and foveae not easily studied because 
of the rough punctation. 


Elytra with obliquely rounded humeri; each elytron with two large ante- 
basal foveae, from the inner of which extends the entire sutural stria, and the 
outer is associated with a vague discal impression; flank bearing a large sub- 
humeral fovea, from the outer rim of which a carina extends posteriorly, 
progressively approaching the lateral elytral margin, which it joins before the 
posterior elytral margin is reached. 

Abdomen short, narrowing rapidly, with five visible tergites in a median 
length ratio of 2.0/1.5/1.2/1.0/1.3 with basal abdominal carinae not apparent 
on first tergite; first three tergites with narrow but distinct lateral margins. 
Six sternites are apparently visible but their median length ratio is not feasible 
because of the complete extrusion of the aedeagus (Fig. 1). Typical of the 
tribe, the first sternite extends well behind the metacoxae and is visible 
throughout. 


Legs rather slender, unmodified; tarsi with the second segment slightly 
swollen with reference to the third segment, this latter bearing a large tarsal 
claw and an accessory bristle. 


Described on an unique male, the type in author’s collection. Col- 
lected by Leslie Hubricht, in whose honor this fine species is named, 
on August 24, 1957, in Copelin Cave, two miles east of Millerstown, 
Hart County, Kentucky. 

The tribe Bythinini has been revised recently [Park, 1953a: 253-261, 
figs. A-H (Plate I), A-D (Plate II), D (Plate III)] and integrated 
among North American pselaphid tribes (Park, 1953b). In addition, 
the western genus Pselaptrichus (Brendel, 1889) , which is most closely 
allied to Bythinopsis, has been monographed by Gordon A. Marsh and 
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Robert O. Schuster (Marsh and Schuster, 1954; Schuster and Marsh, 
1956) . 

At present there are only four species of Bythinopsis known. Two 
of these are epigean. Bythinopsis tychoides (Brendel, 1865) known 
from northern, glaciated states (New York, New Jersey, Pennsylvania, 
Ohio, Illinois, Indiana, Wisconsin, Michigan). It is regarded as a 
glacial relict and its probably cryophilic populations are often abun- 
dant in bogs, especially grass tussocks among sphagnum moss. The 
males seem to be very uncommon. For example, in a series of 168 
specimens taken by Berlese funnels from bogs in Wisconsin, Michigan, 
Indiana, and Illinois there was not a single male. The second epigean 
species, carolinae (Casey, 1897) is known from a few specimens from 
North Carolina, chiefly montane counties. 

In both of these epigean Bythinopsis the males have elaborate gular 
modifications reminiscent of most Pselaptrichus males, and from ten 
to twelve ocular facets per eye. The females have unmodified gular 
areas, and in contrast to the usual condition among pselaphids where 
there is a sexual differential in eye facet number, the females of epi- 
gean Bythinopsis have a much higher facet number, from 20 to 30 
facets per eye in tychoides (I do not know the female carolinae). 

The remaining two species of Bythinopsis are cavernicolous: jonesi 
(Park, 1951), known from one female, from Wolf Den Cave, Colbert 
County, Alabama, and the new species, hubrichti. As noted, the gular 
area is not spectacularly modified in male hubrichti and the ocular 
facet number is three. Apparently, the tendency for females to have 
a higher facet number than males in this genus extends to the caverni- 
coles as well since jonesi female has 16 facets per eye. 

If we are to generalize this situation, we can say that, on the basis 
of available data, there is a higher facet number in females than males, 
and second, that there is a reduction in facet number in both sexes in 
cavernicoles as contrasted to epigean populations of Bythinopsis. 

The new species hubrichti is readily discriminated from the other 
three species in the genus. It differs from all three in facet number, 
in the much greater roughness and extent of the punctation, and from 
males of epigean forms in its simple gular area. It may well be that 
hubrichti should be placed in a new subgenus, as its aedeagus and 
gular area are qualitatively different. This course is not followed now 
as it is thought that more information is needed for such a step, espe- 
cially more specimens of both sexes of jonesi and hubrichti. 


Machaerites (Speleochus) croceus new species 
Type Male. Head 0.42 mm long x 0.24 mm wide; pronotum 0.42 x 0.42; 
elytra 0.80 x 0.74; abdomen (inclined) 0.33 x 0.67; total length 1.9 mm. 


Shining yellowish brown with semiappressed, flavous pubescence; integu- 
ments punctate but the punctures generally are shallow, vague, with indefinite 
boundaries and the surface appears quite differently with different direction 
of lighting. 

Head elongate, truncate ovoidal (Fig. 7); eyes absent; occiput and 
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posterior part of vertex bisected by an impressed carina; a pair of small, nude 
vertexal foveae from each of which extends a narrow sulcus; these foveal 
sulci do not unite apically, each arcuate mesially to continue apically along 
the mesial wall of that part of the head that forms an antennal tubercle; 
these latter areas punctate-scarified, with intervening space less so, continu- 
ing between tubercles as a deeper, glabrous area; this latter area is continuous 
with the simple, glabrous face; lower facial margin sharp and carinoid; 
labrum large and transverse; left mandible crossed dorsal to right; maxillary 
palpi typical of genus; ventral surface of head unmodified, simply convex 
basally, becoming more tumid anteriorly and then concave just behind sub- 
mentum. 

Antennae eleven-segmented, 0.96 mm long, very slender; segment I very 
lengthily obconical, 0.254 mm long; segments II-VIII 0.42 mm long, second 
narrower than first, elongate and very slightly obconical, third to eighth nar- 
rower than second, thread-like, all elongate and subequally wide, third 
longest, fourth and fifth slightly shorter, and sixth to eighth slightly shorter 
than fifth; club of last three, with IX elongate, slightly wider than eighth, 
0.067 mm, X of same length, wider, elongate-oval; XI very elongate oviform, 
0.17 mm. Note that all segments are longer than wide, and that these organs 
are about half as long as the body. 

Pronotum as long as wide, very slightly rounded-pentagonal; a weakly 
formed antebasal fovea each side, these foveae indistinctly connected by a 
transverse, weakly formed antebasal impression. 

Elytra with oblique humeral angles; each elytron with a small sutural 
antebasal fovea at origin of sutural stria, this stria becomes obsolescent at 
apical five-sevenths; base of elytron punctate-scarified and disc without im- 
pression; flank unmodified, no subhumeral fovea. 

Abdomen strongly inclined so that it appears very short and pyramidal 
from a dorsal view; five tergites visible in median length ratio of 2.0/1.8/1.3- 
1.7/2.0 with basal abdominal carinae not evident and narrow margins on the 
first three tergites; six sternites visible but median length ratio not feasible 
as the aedeagus is slightly extruded, the first and second sternites subequally 
long, third to fifth much shorter and subequally long, sixth longest, almost 
as long as first two united. 

Legs with clavate femora, the first pair being the most tumid; protro- 
chanters and base of ventral face of profemur with microtubercles; meso- 
trochanters compressed, with ventral edge carinoid; base of ventral face of 
mesofemur bearing a line of four or five coarse punctures; tarsi with a strong 
tarsal claw and an accessory setiform appendage; metatibiae internally 
arcuate in posterior fourth, with a short, stout spine at ventral face of apex. 


Described on two males, in collection of author. Type from Lott 
Cave, Madison County, Alabama; other male from Twin Cave, near 
Brownsboro, Madison County, Alabama. Lott Cave and Twin Cave 
are about 1.5 miles apart, and both males were checked against the 
above description so that they appear to represent the same species. 
Unfortunately both specimens were slightly teneral so that the aedea- 
gus was not taken out. It has been the author’s experience that details 
of this organ are not too reliable in a teneral individual. 


Machaerites (Subterrochus) eurous new species 
Type Female. Head 0.37 mm long x 0.32 mm wide; pronotum 0.37 x 0.45; 
elytra 0.87 x 0.74; abdomen 0.42 x 0.67; total length 2 mm. 
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Shining dark yellowish brown with semiappressed flavous pubescence; 
integuments punctulate to scarified punctate, the punctures shallow, often 
vague and incomplete. 


Head rounded subtriangular and slightly longer than wide (Fig. 8); eyes 
absent; occiput bisected by a short carina; a pair of nude vertexal foveae 
but foveal sulcoid impressions absent as such, instead the vertex medianly and 
anterior of these foveae is scarified and impressed, this impression deepening 
between the obvious antennal tubercles; on each lateral part of the orifice of 
the vertexal foveae the vertex is erected in a small tubercle; face simply, 
vertically declivous and punctate-granulate; labrum very transverse with a 
broadly concave distal margin; mandibles with long rami, the left of which is 
crossed dorsal to the right; ventral surface of head simple and unmodified, 
transversely gibbous near center and depressed behind submentum; maxillary 
palpi as for genus. 

Antennae eleven-segmented, 0.93 mm long, slender; segment I very 
lengthily obconical, 0.20 mm long; segments II-VIII 0.42 mm long, second 
slightly narrower than first, elongate truncate-oval, third to eighth narrower 
than second, all elongate and subequally wide, third elongate obconical and 
longest, fourth shorter than third, fifth to eighth each shorter than fourth 
but elongate; club of last three, IX slightly wider and longer than eighth, 
elongate oval, 0.067 mm long, X of same length, slightly wider than ninth, 
nearly quadrate oval, XI elongate oviform, 0.17 mm. 

Pronotum wider than long, rounded pentagonal, with a distinct antebasal 
fovea each side, these connected by a distinct antebasal sulcus. 

Elytra with obliquely rounded humeri; each elytron with a distinct 
sutural antebasal fovea, a vague foveoid impression at humeral position, a 


strong sutural stria that becomes evanescent at apical five-sevenths, flank 
unmodified, no subhumeral fovea. 

Abdomen strongly inclined, appearing short and pyramidal from a dorsal 
view; five visible tergites in median length ratio of 2.3/2.0/1.8/1.7/1.6 
lacking basal abdominal carinae on first, and first three with lateral margins; 
six visible sternites in median length ratio of 1.5/2.0/0.6/0.4/0.6/1.0 with 
first typical of tribe in being longer than metacoxae and visible from side to 
side. 

Legs with profemora slightly inflated and other femora progressively 
much less so; protrochanters and base of ventral face of profemora with 
microtubercles; mesotrochanters not unusually compressed and ventral face 
rounded, not carinoid; metatibiae straight, not distally spined; tarsi with a 
large claw and a distinct setiform appendage. 


Described on an unique female, the type, in the collection of the 
Alabama Museum of Natural History. Collected by Walter B. Jones 
on May 10, 1959, in Jess Elliot Cave, Jackson County, Alabama. 

This new species is easily discriminated. The tubercle on the 
lateral rim of each vertexal fovea is, so far, unique in the genus, not 
being present in any described population of Speleochus and Subter- 
rochus except eurous. In addition, the well-marked sutural antebasal 
elytral fovea will separate it from known species except croceus. 


Machaerites (Subterrochus) steevesi new species 


Type Male. Head 0.33 mm long x 0.30 mm wide; pronotum 0.36 x 0.37; 
elytra 0.53 x 0.62; abdomen 0.33 x 0.60 inclined; total length 1.5 mm. 
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Shining, orange brown with rather short suberect, flavous pubescence; 
integuments differentially sculptured; head sparsely microgranulate; pronotum 
subimpunctate; elytra with coarse but shallow punctures and tergum similar 
but punctures more indefinite. 

Head longer than wide, broadly subtruncate apically to give a truncated 
pyriform outline (Fig. 4); eyes absent; cervicum and base of occiput bisected 
by a carina; pair of nude, rather large, perforate vertexal foveae near base of 
sparsely microgranulate, apically deepening impression which separates the 
rather sharply defined antennal tubercles and is continuous with the simple, 
declivous, microgranulate face; labrum slightly transverse; left mandible 
crossed dorsal to right; gular area deeply excavated and the basal rim of this 
excavation strongly modified (Fig. 6); maxillary palpi as for genus. 

Antennae eleven-segmented, 0.8 mm long; segment I lengthily obconical, 
0.20 mm long; segments II-VIII 0.33 mm long, second hardly narrower than 
first, elongate truncate-oval, third to eighth obviously narrower than second, 
third longest, lengthily obconical, third to sixth subequally wide, seventh 
and eighth submoniliform with length and width subequal; club of last three, 
IX 0.67 mm long, suddenly wider than eighth, elongate oval; X same length 
as ninth, subspherical; XI elongate oviform, 0.15 mm long. 

Pronotum almost subquadrate, rounded pentagonal; small, nude, perforate 
antebasal fovea each side, these foveae faintly connected by a just discernible 
transverse antebasal sulcoid impression. 

Elytra with obliquely rounded humeri; each elytron with a distinct 
humeral fovea at origin of a discal impression which extends through basal 
fourth of length, sutural stria not evident; flank unmodified, no subhumeral 
fovea. Metathoracic wings absent. 

Abdomen strongly inclined, appearing short and pyramidal from a strictly 
dorsal viewpoint; five visible tergites in median length ratio of 2.0/1.5/1.4/- 
1.3/1.3 with basal abdominal carinae not evident and first three tergites with 
distinct, narrow margins. Six visible sternites, lengths substantially as for 
eurous but ratio not practicable as aedeagus is partially extruded. 

Legs with protrochanters and base of ventral face of profemora micro- 
tuberculate; profemora modestly clavate, other femora progressively less so; 
mesotrochanters with ventral face convex and only slightly subcarinoid toward 
base, in sharp contrast to those of croceus male vide supra; tarsi with a strong 
tarsal claw and a shorter, stout accessory setiform appendage; metatibiae 
slender, almost straight, without an apical spine. 

Described on three males from Guffey Cave, Marshall County, 
Alabama. Type on January 17, 1959, and two paratypes on March 
22, 1959. Collected by Harrison R. Steeves, Jr., beneath rock in twi- 
light zone of cave. Type and second paratype in, Mr. Steeves’ collec- 
tion, first paratype in collection of author. This species named in 
honor of its collector. 

The aedeagus is illustrated (Fig. 9), 0.227 mm long by 0.160 mm 
wide. Its general structure is that of Subterrochus, with the four pair 
of distal setae (Fig. 12). 


Batriasymmodes new genus 
Genotype: Batriasymmodes monstrosus (LeConte) 


Batriasymmodes was proposed as a new subgenus of Batrisodes by 
Park (1951:11) for epigean and cavernicolous populations which had 
a distinctive external anatomy and basically different aedeagus. 
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In this same report five additional subgenera were proposed, ¢.g., 
Babnormodes, Pubimodes, Excavodes, Elytrodes, and Decliwodes. 

In a generic revision later (Park, 1953b:315), two additional sub- 
genera of Batrisodes were proposed, ¢.g., Spifemodes and Empinodes, 

Of these eight subgenera, all had relatively simple aedeagei with 
the exception of Batriasymmodes and Empinodes. The subgenus 
Empinodes, the populations of which are restricted to the Pacific 
Northwest as far as is known (British Columbia, Idaho, Washington, 
Oregon, and northern California), has been discussed recently (Park 
and Wagner, 1960). 

Batriasymmodes has a complex, bilaterally asymmetrical aedeagus 
with a movable arm, and the structural details of this organ are spe- 
cies specific. In addition, Batriasymmodes differs from all of the other 
seven subgenera in that both sexes lack metatibial spurs of setae. 

In view of the lack of metatibial spurs in combination with a dis- 
tinctively different organization of the male copulatory apparatus, 
Batriasymmodes is elevated to full generic status. The epigean popu- 
lations have been discussed previously (Park, 1947:56-64, 66-70 and 
97-100) , and the cavernicolous populations have been described (Park, 
1951, 1956). The type of the subgenus, Batrisus monstrosus LeConte, 
1850, now becomes the genotype. 


The erection of the new genus necessitates the following changes 
in nomenclature: 


Batriasymmodes troglodytes new combination 
Synonym: Batrisodes troglodytes Park, 1951, p. 23. 


Batriasymmodes spelaeus new combination 
Synonym: Batrisodes spelaeus Park, 1951, p. 16. 


Batriasymmodes quisnamus new combination 
Synonyms: Batrisodes quisnamus Park, 1951, p. 20. 
Batrisodes jeanneli Park, 1951, p. 21. 
Batrisodes reduncus Park, 1956, p. 65. 


Quisnamus was described on an unique female from Bunkum Cave 
(also known as Bunum Cave), Pickett County, Tennessee. The cly- 
peus was bisected by a longitudinal carina and the pronotal disc was 
bisected by a longitudinal sulcus, whereas the original sample of jean- 
neli, based on two males, the type from Lindsay Williams Cave (also 
known as Avant Cave), Doweltown, DeKalb County, Tennessee and 
a paratype from Burial Cave, Flynn’s Lick, Jackson County, Tennes- 
see, lacked both clypeal carina and pronotal discal sulcus. 

At the time, this divergence in structure was thought sufficient to 
separate the populations at the species level. 

Reduncus was described on three females from Sam Lackey Cave, 
1.5 miles southwest of Gallatin, Sumner County, Tennessee, collected 
in 1949 by W. B. Jones and J. M. Valentine. Another female was col- 
lected by T. C. Barr, March 9, 1956. These females lacked the clypeal 
carina and pronotal discal sulcus of quisnamus, but they possessed the 
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lateral clypeal carinae which were lacking in jeanneli but present in 
quisnamus. 

Dr. Barr collected a male and female from Sam Lackey Cave on 
December 31, 1959—the first male from this cave to be reported. 
The male was a perfect quisnamus, hence as postulated by Park, 
(1958:45), reduncus becomes a synonym of quisnamus. 

The reasons for synonymising jeanneli included a critical study of 
ten females from Pratt Cave, in Pickett County, not far from the type 
locality of quisnamus in Bunkum Cave, Pickett County. It will be re- 
membered that the unique type of quisnamus has a clypeal carina and 
a pronotal discal sulcus, whereas jeanneli had neither clypeal carina 
nor pronotal discal sulcus. The ten females from Pratt Cave had the 
following distribution of these characters: five had the clypeus bi- 
sected by a longitudinal carina and the pronotal disc bisected by a 
longitudinal sulcus; two had no clypeal carina but did have the pro- 
notal sulcus; one had the clypeal carina but no pronotal sulcus; two 
had neither clypeal carina nor pronotal sulcus. Therefore these two 
characters varied from absent to present independently, from a “quis- 
namus’” to a “jeanneli” condition. Finally, the single male from Pratt 
Cave had the aedeagus of jeanneli, and consequently quisnamus be- 
came the valid name by page priority. 

Table I lists the known quisnamus population at the present time. 


CHECKLIST OF CAVERNICOLOUS FoRMsS 


Tribe Batrisini Raffray, 1890 
Subtribe AMAUROPSINA Jeannel, 1949 
Genus Arianops Brendel, 1893 
Subgenus Arispeleops Park, 1951 
Arianops (Arispeleops) cavernensis Park, 1951, p. 41. 
Type locality—Saltpetre Cave, Marshall County, Alabama. 
Arianops (Arispeleops) jeanneli Park, 1956, p. 85. 
Type locality—Gilly’s Cave, Pennington Gap, Virginia. 
Arianops (Arispeleops) stygica new species 
Type locality—-Cumberland Caverns, Warren County, Tennessee. 


Subtribe BATRIsINA Jeannel, 1948 
Genus Batrisodes Reitter, 1881 
Subgenus Excavodes Park, 1951 
Batrisodes (Excavodes) cavernosus Park, 1951, p. 25 
Type locality—Hinson Cave, Greenville, Butler County, Alabama. 


Subgenus Babnormodes Park, 1951 


Batrisodes (Babnormodes) profundus Park, 1956, p. 68 

Type locality—Turk’s Cave, Brooklyn, Conecuh County, Alabama. 
Batrisodes (Babnormodes) jonesi Park, 1951, p. 27 

Type locality.—Little Bear Cave, Tuscumbia, Colbert County, Alabama. 
Batrisodes (Babnormodes) barri Park, 1958, p. 40 

Type locality—Dickson Cave, Dickson, Dickson County, Tennessee. 
Batrisodes (Babnormodes) subterraneus Park, 1951, p. 30 


1960 Park: CAVERNICOLOUS PSELAPHIDS 85 


Type locality —Griffith Cave, Guntersville, Marshall County, Alabama. 
Batrisodes (Babnormodes) tumoris new species 

Type locality—McClusky Cave, Colbert County, Alabama. 
Batrisodes (Babnormodes) specus Park, 1951, p. 35 

Type locality——Hutton Cave, Sharp’s Cove, Madison County, Alabama. 
Batrisodes (Babnormodes) clypeospecus new species 

Type locality—Reed Creek Cave, Fentress County, Tennessee. 
Batrisodes (Babnormodes) pannosus new species 

Type locality—Pedigo Cave, Cookeville, Putnam County, Tennessee. 
Batrisodes (Babnormodes) hubrichti Park, 1958, p. 41 

Type locality—Beckton Cave, Beckton, Barren County, Kentucky. 
Batrisodes (Babnormodes) henroti Park, 1956, p. 70 

Type locality—-Vance Cave, Park City, Barren County, Kentucky. 
Batrisodes (Babnormodes) valentinei Park, 1951, p. 32 

Type locality—-Goat Cave, Keel Mountain, Madison County, Alabama. 
Batrisodes (Babnormodes) jocuvestus new species 

Type locality—Aladdin Cave, Maysville, Sharp’s Cove, Madison County, 

Alabama. 

Batrisodes (Babnormodes) ferulifer new species 

Type locality——Benderman Cave, Southport, Maury County, Tennessee. 
Batrisodes (Babnormodes) gemmoides new species 

Type locality—-Columbia Caverns, Dickson County, Tennessee. 
Batrisodes (Babnormodes) gemmus Park, 1956, p. 71 

Type locality—Jewel Cave, Dickson, Dickson County, Tennessee. 
Batrisodes (Babnormodes ?) krekeleri new species 

Type locality——Cave Spring, New Washington, Clark County, Indiana. 
Batrisodes (Babnormodes ?) schneiderensis new species 

Type locality——Schneider Ranch Cave, Boerne, Kendall County, Texas. 


Genus Batriasymmodes new genus 
Batriasymmodes troglodytes new combination 
Type locality—Rock Cave, Greenville, Butler County, Alabama. 
Batriasymmodes spelaeus new combination 
Type locality—Baagor Cave, Bangor, Blount County, Alabama. 
Batriasymmodes quisnamus new combination 
Type locality—-Bunkum Cave, Byrdstown, Pickett County, Tennessee. 


Tribe ByTHININI sensu Jeannel, 1949 
Subtribe MACHAERITINA Jeannel, 1950 
Genus Bythinopsis Raffray, 1908 
Bythinopsis jonesi Park, 1951, p. 43 
Type locality—Wolf Den Cave, Maud, Colbert County, Alabama. 
Bythinopsis hubrichti new species 
Type locality—Copelin Cave, Millerstown, Hart County, Kentucky. 


Genus Machaerites Miller, 1885 
Subgenus Speleochus Park, 1951 
Machaerites (Speleochus) stygicus Park, 1951, p. 47 
Type locality—Toll Gate Natural Well, Monte Sano, Madison County, 
Alabama 


Machaerites (Speleochus) synstygicus Park, 1956, p. 64 

Type locality—Barclay Cave, King Mountain, Madison County, Alabama. 
Machaerites (Speleochus) croceus new species 

Type locality—Lott Cave, Madison County, Alabama. 
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Subgenus Subterrochus new subgenus 
Machaerites (Subterrochus) ferus Park, 1951, p. 49 
Type locality—Aladdin Cave, Maysville, Sharp’s Cove, Madison County, 
Alabama. 
Machaerites (Subterrochus) eurous new species 
Type locality—Jess Elliot Cave, Jackson County, Alabama. 
Machaerites (Subterrochus) steevesi new species 
Type locality——Guffey Cave, Marshall County, Alabama. 


Tribe Speleobamini Park, 1951 
Genus Speleobama Park, 1951 
Speleobama vana Park, 1951, p. 53 


Type locality—-McClunney Alabama Caverns, Clay, Jefferson County, 
Alabama. 


Keys To Taxa 


The following keys are devised to discriminate the described popu- 
lations of North American cavernicolous pselaphid beetles, and super- 
sede previous keys to this fauna by the author. 


Key To TRIBES 


1 Abdomen with lateral margins absent, the segments in the form of 
undivided rings; one or more of the first three visible segments 
bearing one or two entire or incomplete lateral carinae ................ 

Abdomen with narrow to broad margins on each side of the first 

2 (1) Occipito-cervical region of the head wholly covered on all sides and 
obscured by a conspicuous ruff of long setae; third (penultimate) 
segment of maxillary palpi very slender and elongate .................... 

Occipital-cervical region of head with ruff absent; third (penulti- 
mate) segment of maxillary palpi short, as wide as long, or nearly 


Tribe BatrisIN1i 
Key to Genera 
1 Eyes absent, often replaced by a conical spine or tumulus; tarsi with 
a large tarsal claw and a just discernible setoid accessory claw 
which can be easily overlooked; very uncommon ...................- Arianops 
Eyes always present but may be reduced in facet number, especially 
in females, where these organs may have as few as six facets; tarsi 
with two very unequal claws, but both distinct ................2.2...:1.-000+ 2 
2 (1) Metatibia with a distal, terminal bundle or spur of setae, these setae 
usually long, pencil-like, and of equal length, but may be short 
and the bundle tapering to a point; abundant ...................... Batrisodes 
Metatibia lacking a pencil of setae 


Genus Arianops 
All cavernicolous species belong in the subgenus Arispeleops. 
1 Pronotum with six baso-lateral foveae (as in the epigean species in 
the subgenus Arianops), e.g., one on each side of median point of 
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base, one each side at lateral third, and one each side intermediate 
between these two ....stygica new species 
Pronotum not having six baso-lateral foveae 
2 (1) Pronotum with a minute, just discernible fovea each side at lateral 
third jeanneli Park, 1956 
cavernensis Park, 1951 


Genus Batrisodes 


Key to Cavernicolous Subgenera 
Males with mesotarsi relatively simple, the second tarsomere com- 
pressed or subcylindrical, glabrous or pubescent, but not notched 
on ventral side near base (Fig. 14) Excavodes 
Males with mesotarsi peculiarly modified, the second tarsomere 
always glabrous, compressed, translucent and distinctly notched 
near base of ventral face (Fig. 13) Babnormodes 


Subgenus Excavodes 
There is but one known species of this subgenus which is cavernicolous, 
cavernosus Park, 1951. The sexes may be separated as follows: 

1 Male with about forty ocular facets per eye, antennal segment X sub- 
spherical, slightly wider than XI and with a small fovea (about 
the diameter of an ocular facet) at extreme base of ventral 
face 

Vestigial eyes, of about fourteen ocular facets per eye; antennal seg- 
ment X obviously narrower than XI and not foveate on ventral 
Females 


Subgenus Babnormodes 


Male with antennal segment XI (distal segment) bearing a con- 
spicuous oblique spine at basal margin of ventral face .................. 
profundus Park, 1956 
Male with antennal segment XI not as described 2 
2 (1) Antennal segment X bearing a fovea on the ventral face 
Antennal segment X not foveate on ventral face 
3 (2) Face with front triangularly declivous to within a short distance of 
clypeal margin, where the apex of this frontal triangle ends 
abruptly in an everted transverse tubercular lamina 
jonesi Park, 


4 (3) Face with frontal margin flat, arcuate, strongly carinoid except at 
center where it becomes continuous with the subvertical clypeus, the 
clypeus with a small tubercle at center barri Park, 1958 
Face simple, unevenly declivous, not tuberculated 
5 (4) Fovea of antennal segment X relatively small (one-third the length 
of ventral face of segment), circular and nude 
subterraneus Park, 1951 
Fovea of antennal segment X relatively large (three-fourths the 
length of ventral face of segment), in a transversely ovoidal im- 
pression, and with the foveal orifice radially setose 
6 (5) Vertex medianly strongly tumid between vertexal foveae and dis- 
tally between the widely interrupted foveal impressions, this 
glabrous tumidity extending apically to merge with the face in 
a simple, steeply declivous plane tumoris new species 
Vertex not as described 
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7 (6) Clypeus erected into a transverse carina relatively near the clypeo- 
labral suture, this carina blackened usually from side to side, 
directed distally in the form of a broadly rounded arcuation; face 
with center of frontal declivity tending to have a small patch of 
short setae in a slight depression, or this depression may bear two 


poorly separated setose patches ~...................200-200+- specus Park, 1951 
Clypeus erected into a transverse carina which is relatively distant 


8 (7) Clypeal carina with lateral portions usually blackened and thicker, 
the median area of carina usually thin; this carina biarcuate, the 
two arcuations meeting medianly in a small lobe or cusp .............. 

Clypeal carina blackened and roughly and irregularly crenulate- 


granulate-dimorphic major form ................-...---- pannosus new species 

9 (2) Near center of facial declivity there is a pair of minute pores, each 
usually set in a small area of a darker color ...... hubrichti Park, 1958 


10 (9) Near center of facial declivity there is a median minute pore, 
usually set in a small circular area of darker cuticle, and this area 
often raised in a low, convex tuberculoid field, with a pore at its 

11(10) Face declivous on a line through antennal bases, this declivity sub- 
glabrous and rapidly narrowing to form a triangular field which 
is surrounded by the granulate-punctate clypeus; near base of 
this triangular field is a slightly pubescent, transversely oval im- 

12(11) Clypeal area crowded microgranulate and bisected by a median 
carinoid ridge, this ridge continuing dorsally to merge with the 
angulate median point of the frontal margin; this gives to the 


13(12) Clypeal carina blackened and roughly and irregularly crenulate- 
granulate-dimorphic minor form .......................- pannosus new species 
Face not as described; clypeus with a tubercle or a tuberculoid 


14(13) Clypeus bearing a median longitudinal carinoid tumulus from 
clypeal margin for apical half of clypeal area 


15(14) Antennal segment XI bearing a small poroid scar or impression on 


Antennal segment XI not bearing such a structure ...................-.----- 


The above key does not include krekeleri new species and schneiderensis 
new species. Both of these were described on an unique female, and conse- 
quently may not be members of the subgenus Babnormodes, as this subgeneric 
allocation is made on the anatomy of the male mesotarsi. Both species, de- 
scribed subsequently, are distinctive anatomically and geographically. Krekeleri 
is the only cavernicolous pselaphid known north of the Ohio River, and schnei- 
derensis is the only cavernicolous pselaphid known west of the Mississippi River. 
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Genus Batriasymmodes 
Metatrochanter bearing a contorted spine; eyes relatively prominent, 
having from 28 to 50 ocular facets (males) 
Metatrochanter lacking a spine; eyes vestigial or reduced, having 
from six to 18 ocular facets (females) 
Vertexal foveae pubescent; elytron bifoveate 
Vertexal foveae nude; elytron trifoveate 
Antennal segment VIII with apex of ventral face produced as an 
acute divergent spine; antennal segment IX simple and unmodified 
spelaeus Park, 1951 
Antennal segment VIII with ventral face produced as a laminoid 
spine; antennal segment IX with ventral face irregularly concave 
and glabrous, with an oblique carina in basal half, and the apical 
half hooded by a carinoid and fimbriated margin 
quisnamus Park, 1951 
Vertexal foveae pubescent; elytron bifoveate troglodytes Park, 1951 
Vertexal foveae nude; elytron trifoveate 
Last tergite medianly sulcoid with a pair of spinoidal cusps or lamina 
bounding this sulcus spelaeus Park, 1951 
Last tergite simply convex, lacking sulcus and lamina 
quisnamus Park, 1951 


Tribe ByTHININI 
Key to Genera 


Eyes and wings absent in both sexes Machaerites 
Eyes present but reduced, with males having vestigial eyes of three 


facets and females having sixteen facets as far as known ....Bythinopsis 


Genus Bythinopsis 


Head and pronotum shining and lightly punctulate (known from 
female only) jonesi Park, 1951 

Head scabro-punctate granulate above and lightly microtuberculate 

below; pronotum sparsely, coarsely punctate, the punctures vary- 

ing from deep near base to shallow about disc (known from male 
hubrichti new species 


Genus Machaerites 


Members of this genus have in common (1) simple pubescence (the setae 
not geminate or in pairs); (2) integuments shining (not strongly alutaceous 
and opaque); (3) eyes absent; (4) antennae of eleven segments; (5) second 
segment of maxillary palpi gradually thicker from base to apex; (6) second 
and (at least in American species) third segments of maxillary palpi micro- 
tuberculate. 

So far as known the populations are strictly troglobiont and inhabit caves in 
Carniola (northeastern Italy and northwestern Yugoslavia) in Europe, and in 
Alabama in the United States. 


Key to Subgenera 


Each elytron with two strong, deep, large antebasal foveae ; body size 
large, more than 2 mm long, European caves only 

Each elytron with no trace of antebasal foveae, or with one fovea, or 
with vague foveoid impressions; body size smaller, not more than 
2 mm; known only from caves in northern Alabama 
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Figs. 1-6.—1. Bythinopsis hubrichti n. sp. Aedeagus, 70x, drawn from 
extruded organ in type specimen. 2. Machaerites (Speleochus) stygicus Park. 
Dorsal head outline of male, 70x. 3. Machaerites (Subterrochus) ferus Park. 


\ 
if 
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2 (1) Pronotum with a distinct transverse antebasal sulcus 
BYTHOXENUS (Motschulsky, 1859) (one spe- 
cies, the subgeneric type, subterraneus Mot- 
schulsky, 1859 in the Grotto of Pasica, 
Carniola) 
Pronotum with this sulcus absent 
MACHAERITES sensu strictiore (one species, the 
subgeneric type, spelaeus Miller, 1855 in the 
Grotto of Strug, Carniola) 

3 (1) Head subovoidal in dorsal outline (Fig. 2); gular area of males 
simply gibbous and unmodified; metatibiae of males arcuate in 
distal five-sevenths of length and with a terminal spine; base of 
elytra either wholly without foveae, or with a vague sutural im- 
pression, or with one small sutural fovea 

SPELEOCHUS Park, 1951 (3 species known, of 
which stygicus Park, 1951 is the type of sub- 
genus ) 

Head subpyriform to rounded subtriangular in dorsal outline (Figs. 
3, 4); gular area of males greatly modified (Figs. 5, 6) where 
known; metatibiae of males straight; base of elytra either a pair of 
vague impressions, or with one small sutural fovea and a vague 
humeral impression, or with one small humeral fovea and a vague 
sutural impression 

SUBTERROCHUS new subgenus species 
known, of which ferus Park, 1951 is the type 
of this new subgenus) 


Two general points should be made prior to examination of the composi- 
tion of the American subgenera of Machaerites. 

First, with accumulation of more material it is apparent that the presence 
or absence of an elytral fovea, or foveoid impressions is of great convenience 
at the species population level, but is too variable in contrast to other features 
to be used as a key character at the supra-species level of organization. So 
far, none of the American species have the two large, well formed antebasal 
elytral foveae of the European species, and in connection with the larger size 
of the Carniolian body form, may be used for the present to separate the 
European and American subgenera. As noted above, the qualitative differ- 
ences in male secondary sex characters and the shape of the head offer more 
stable features for separation of American subgenera as delimited at present. 

Second, the allocation of female Machaerites to definite species has been 
abandoned except in those few instances where both sexes have been taken 
together in the same cave niche. Consequently, earlier records (Park, 1951) 
are no longer considered except those from the type locality, or where males 
from another cave have been collected and studied. 

In one case an exception has been made, an unique female having been 
used as the type of a new species. In this instance, the specimen was so well 
marked (one elytral fovea at the sutural position, and other features) that it 
justified description. 

So far as known, the six species of Machaerites known from North Amer- 


Dorsal head outline of male, 70x. Same scale as Fig. 2. 4. Machaerites (Sub- 
terrochus) steevesi n. sp. Dorsal head outline of male, 70x. Same scale as Fig. 
2. 5. Machaerites (Subterrochus) ferus Park. Ventral view of head of male, 
70x. 6. Machaerites (Subterrochus) steevesi n. sp. Gular area of male, 70x. 
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Figs. 7-14.—7. Machaerites (Speleochus) croceus n. sp. Dorsal head out- 
line of male, 70x. Same scale as Fig. 2. 8. Machaerites (Subterrochus) eurous 
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ica have a restricted distribution. They are known only from caves in northern 
Alabama, from three adjacent counties (Madison, Jackson, and Marshall). 

When additional material has accumulated and has been compared direct- 
ly with the two European species in this genus it is probable that the Amer- 
ican subgenera will be raised to full generic rank. 


Subgenus Speleochus 
1 Elytron with a fovea at origin of sutural stria 
Elytron with no antebasal foveae 
2 (1) Aedeagus with internal sac having a pair of exsertible teeth as 
illustrated (Fig. 10) stygicus Park, 1951 
Aedeagus with internal sac having a pair of exsertible teeth as 
illustrated (Fig. 11) synstygicus Park, 1956 


Subgenus Subterrochus 

Lateral margin of orifice of each vertexal fovea erected in a small 

tubercle (known from female only). ...................-.. eurous new species 
Orifice of vertexal foveae not bearing tubercle 

2 (1) Elytron with a fovea at humeral position; aedeagus as illustrated 
(Fig. 9) steevesi new species 

Elytron with no antebasal foveae; aedeagus as illustrated (Fig. 12) 
ferus Park, 1951 


Tribe SPpELEOBAMINI 
Genus Speleobama 
One species known, Speleobama vana Park, 1951 


ZOOGEOGRAPHIC CONSIDERATIONS 


In the area under study there are at least seven major drainage 
patterns that have been utilized presumably by cavernicolous psela- 
phids. 

I. Southward via Black Warrior, Tombigbee, and Mobile Rivers 
into Mobile Bay. 

II. Southward via Pigeon, Conecuh, and Escambia Rivers ir. 5 
Pensacola Bay. 

III. Westward and northward via the Tennessee River into the 
Ohio River. 

IV. Westward and northward via the Cumberland River into the 
Ohio River. 
V. Westward and northward via the Green River into the Ohio 
River. 

VI. Southward into the Ohio River. 
VII. Southeastward via the Guadalupe River into the Gulf of Mex- 
ico. 
n. sp. Dorsal head outline of female, 70x. Same scale as Fig. 2. 9. Machae- 
rites (Subterrochus) steevesi n. sp. Aedeagus, from slide-mount, 430. 10. 
Machaerites (Speleochus) stygicus Park. Modified from Park, 1951. Aedea- 
gus, from slide-mount, 430x. 11. Machaerites (Speleochus) synstygicus Park. 
After Park, 1956. Aedeagus, from slide-mount, 430x. 12. Machaerites (Sub- 
terrochus) ferus Park. After Park, 1951. Aedeagus, from slide-mount, 430x. 
13. Batrisodes (Babnormodes). Diagram of male mesotarsus, 70x. 14. Batri- 
sodes (Excavodes). Diagram of male mesotarsus, 70x. 


| 
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A convenient initial analysis is to organize this fauna both along 
these seven drainages and cave habitats. This is attempted in the fol- 
lowing table (Table IT). 


Tasie II.—Analysis by drainage and cave 


Number of 
Taxon caves Drainage systems noted previously 
inhabited I Il III IV Vv VI VII 

Arianops 

cavernensis 1 x 

jeanneli 1 x 

stygica 1 x 
Batrisodes 

cavernosus 1 x 

profundus 1 x 

jonesi 7 x 

barri 2 x 

subterraneus 1 x 

tumoris 1 x 

Specus 8 x 

clypeospecus 2 x 

pannosus 1 x 

hubrichti 1 x 

henroti 4 x 

valentinei 5 x 

jocuvestus 1 x 

ferulifer 1 x 

gemmoides 1 x 

gemmus 1 x 

krekeleri 1 x 

schneiderensis 1 x 
Batriasymmodes 

troglodytes 1 x 

spelaeus 28 x(8) x(16) x(4) 

quisnamus 18 x(2) x(16) 
Bythinopsis 

jonest 1 x 

hubrichti 1 x 
Machaerites 

stygicus 3 x 

synstygicus 1 x 

croceus 2 x 

ferus 2 x 

eurous 1 x 

steevesi 1 x 
Speleobama 


vana 1 x 


= 


1960 


Cave 
Daly 


Dairyhouse 
Indian 
McElroy 
Indian 


Bat 
Manitou 
Thomas 


Tingling 
Hole 
Barrel 
Echols 
Ladder 
Lost Mule 
Royer 
Winchester 
Inge 
Cave Spring 
Kelly Ridge 
Lime Point 
Warrenton 
Natural Bridge 
Bangor 
Dixon 
French’s 
Horseshoe 
Ingram 
Posey Spring 
McGlendon 
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Taste III.—The known spelaeus population 


Nearest 
town 
Butler’s 
Landing 


New Market in 
Jefferson County 
Shoal Creek 
Ft. Payne 
Trinity in 
Morgan County 
Trinity in 
Morgan County 
Trinity 
Trinity 
Trinity 
Trinity 
Trinity 
Trinity 
Decatur 
Hillsboro 


Bangor 
Brooksville 
Brooksville 
Inland 
Greystone 
Blountsville 
Gallant 


County 
Clay 


White 
White 

Van Buren 
Grainger 


Lauderdale 
De Kalb 


Lawrence 


Lawrence 


Morgan 
Morgan 
Morgan 
Morgan 
forgan 
Morgan 
Morgan 
Morgan 
Marshall 
Marshall 
Marshall 
Winston 
Blount 
Blount 
Blount 
Blount 
Blount 
Blount 
St. Clair 


State 
Tennessee 


Tennessee 
Tennessee 
Tennessee 
Tennessee 


Alabama 
Alabama 
Alabama 


Alabama 


Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
Alabama 
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Probable river 
drainage 


Cumberland 


Cumberland 
Cumberland 
Cumberland 


Tennessee 


Tennessee 
Tennessee 
Tennessee 


Tennessee 


Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Tennessee 
Black Warrior 
Black Warrior 
Black Warrior 
Black Warrior 
Black Warrior 
Black Warrior 
Black Warrior 
Black Warrior 


First, in terms of the seven major drainage systems the thirty-three 
taxa are distributed as follows: 2 in I (Black Warrior); 3 in II 


(Pigeon); 18 in III (Tennessee); 8 in IV (Cumberland); 3 in V 
(Green) ; 1 in VI (Ohio); 1 in VII (Guadalupe). 

Of the thirty-three species only two are distributed in more than 
one drainage system. This lends weight to the conclusion that cav- 
ernicolous pselaphids tend to be distributed per species to a single 
drainage. Furthermore, the two exceptions are confined to a single 
genus, Batriasymmodes. 

Second, in terms of caves occupied so far as known the thirty-three 
taxa are distributed as follows: 22 in one cave; 4 in two; 1 in three; 
1 in four; 1 in five; 1 in seven; 1 in eight; 1 in eighteen; and 1 in 
twenty-eight caves. 

These distributions are of interest to speleology. Twenty-two spe- 
cies, or roughly 67 percent of known American cavernicolous psela- 
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phids occupy a single cave, the type locality. For the other eleven 
species, four, or 12 percent, occupy only two caves, and one species, 
or 3 percent, occupies respectively three, four, five, seven, eight, eigh- 
teen, and twenty-eight caves. 

These eleven instances in which more than one cave is occupied 
deserve brief attention. 

Two caves occupied by one species: Batrisodes barri, B. clypeospe- 
cus, Machaerites croceus, and M. ferus each occupies a pair of caves. 
The distance apart of these pairs is roughly 20, 10, 2, and 5 miles re- 
spectively, and in each case the pair of caves are on the same drainage 
system. 

Three caves occupied by one species: Machaerites stygicus? in three 
caves on the Flint Creek of the Tennessee River drainage, all in Mad- 
ison County, Alabama. 

Four caves occupied by one species: Batrisodes henroti in four caves 
in the Mammoth Cave area of Edmonson and Hart Counties of Ken- 
tucky, with Green River drainage. 

Five caves occupied by one species: Batrisodes valentinet® in five 
caves in contiguous Jackson and Madison Counties, Alabama with 
Tennessee River drainage. 

Seven caves occupied by one species: Batrisodes jonesi in seven 
caves clustered in western Colbert County, Alabama, with Tennessee 
River drainage. 

Eight caves occupied by one species: Batrisodes specus4 in eight 
caves in contiguous Madison and Marshall Counties, Alabama, with 
Tennessee River drainage. 

The thirty-one species noted so far lend weight to the conclusion 
that cavernicolous pselaphids tend to occupy a single cave, or a group 
of caves which are relatively near one another in the same part of a 
drainage system. 

There remain two species, again in the genus Batriasymmodes, 
which do not follow the usual pattern of either drainage distribution 
or cave distribution. These are B. quisnamus, known from eighteen 
caves in two drainages (Table I), and B. spelaeus, known from twenty- 
eight caves in three drainage systems. The known spelaeus population 
is listed in Table III, and the known distribution of both of these 
bothersome populations is suggested in Fig. 15. 

These two species of Batriasymmodes do not follow the rule for 


2 Distribution based now on male specimens only, and not including other 
records in Park, 1951. 

3 An early record (Park, 1951) of valentinei at Crystal Cave, Monteagle, 
Grundy County, Tennessee, must be rechecked, although the drainage is 
Tennessee River via Elk River. The specimen may represent a new race or 
species. 

4Two early records should be rechecked (Park, 1951). These are of 
specus from Indian Cave in Grainger County, Tennessee, with Tennessee 
River drainage via Holston River, and Georgetown Cave, Georgetown, Colbert 
County, Alabama, with Tennessee River drainage. New races may be involved. 
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Fig. 15.—Known distribution of Batriasymmodes quisnamus (Park) and 
Batriasymmodes spelaeus (Park). 
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distribution of other known cavernicolous pselaphids, or of the caver- 
nicolous pseudanophthalmid carabids, and rival some of the known 
dispersals of cave-dwelling collembolans, millepeds and phalangids. 

Assuming that the collecting data were sound, the author felt that 
these two distribution patterns must be the result of bad taxonomy. 
Both species were described in 1951, and a recheck was made later 
(1958:44) in the case of spelaeus which confirmed the earlier status. 
Such rechecking in the case of Batrisodes is not promising and for- 
tunately the latter genus did not offer such problems. In the case of 
Batriasymmodes as noted previously in this report, the aedeagus is 
complex and species specific, and is accompanied by species specific 
male antennal modifications. Furthermore in spelaeus, the worst of- 
fender, the female as well has a distinctive distal tergite. All subse- 
quent efforts have reconfirmed the homogeneity of each of these pop- 
ulations. The question of raciation has not been studied as yet, and 
may assist in an eventual explanation. 

Finally, of the thirty-three species so far known, only one case 
shows more than one species per genus in a given cave. Batrisodes 
barri, described from Dickson Cave, 1.5 miles south of Dickson, in 
Dickson County, Tennessee, has been collected in Columbia Caverns, 
Dickson County and in the latter cave, Batrisodes gemmoides has its 
type locality. These two caves are about twelve to fifteen miles apart 
on surface measurement, but both with Cumberland River drainage. 
Both barri and gemmoides are in the same subgenus, Babnormodes, 
but taxonomically occupy structurally different parts of the subgenus 
as based on male antennal modifications. 

In general, the known cavernicolous pselaphid fauna of North 
America tends to occupy a single part of a drainage system, occupy 
a single cave, or group of caves near to one another and probably 
often connected by subterranean fissures, and tends to occupy a cave 
with either no other species of pselaphid present, or shares a cave with 
members of another genus of pselaphids. 


EVOLUTIONARY CONSIDERATIONS 


It would seem obvious that the only way in which epigean psela- 
phid stocks could become cavernicolous would be to enter caves and 
remain therein. After this initial intrusion, given sufficient time, iso- 
lation and selection, such stocks as survived should evolve into true 
cavernicoles, integrated members of the cave community, and no 
longer able to exist as competing epigean populations. 

Apparently this course of events has taken place, but not often, 
and not at one time from a single ancestral stock. At present there 
are about 498 species of Pselaphidae in the United States, divided 
among 72 genera (Park 1953b, et seq.). These figures are under con- 
stant upward revision. The majority inhabit the deciduous forest 
biome of eastern North America, and include 33 species of cavernico- 
lous pselaphids, divided among six genera. 

Pselaphidae have ecological requirements and patterns of behavior 
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which should allow them to penetrate and colonize caves with relative 
ease. Most of the species live in forests. Here they inhabit the floor 
stratum and its numerous discontinuous extensions, ¢.g., leaf mold, log 
mold, rotting sawdust mounds, tree-hole mold, tree-crotch debris, and 
soil. These habitat niches are all more or less dark, damp and still, 
relative to areas external to the forest. Where tested (Park 1929, 1947) 
the beetles tend to select the darker portion of a light gradient, and 
the moister portion of a gradient in dampness. In view of this pattern 
of general response it is not surprising that pselaphids should have 
penetrated the sod of established grasslands, the nests of ants and ter- 
mites, and caves. 

The night is characterized by relative darkness and dampness, and 
pselaphids are generally crepuscular to nocturnal. Many are dusk 
fliers, and come to light with increasing frequency toward the equator. 
All of these points suggest that the cave community would be accept- 
able to such pselaphid populations as could adjust to the relatively 
constant environment, and find sufficient food. 

These beetles are to be viewed as generalized predators. In nature 
they feed on collembolans, mites, and fly larvae and in the laboratory 
can be kept on a diet of collembolans or, more conveniently, larvae 
of Drosophila (Park 1932, 1933, 1947; Engelmann, 1956). The cave 
biota includes all three of these arthropod orders. 

It would seem that study of cavernicoles should continue to be 
one of the most fruitful sources of data on phylogenesis. Species of 
Babnormodes which inhabit caves form several taxonomic series, and 
there is some information that suggests, at least in the case of specus, 
that certain fragments which inhabit certain caves are starting to form 
cave-specific races. In pselaphids at least, this matter of raciation in 
cavernicoles has not been examined seriously. One of the difficulties 
is in obtaining enough material for study. At one time a cave may 
yield a score or more individuals, a few days or weeks later this cave 
may not produce a single individual, and a decade hence it may yield 
more of the population. This is not just a matter of poor collecting. 
The author feels that it emphasizes an insufficiently discussed aspect 
of cave ecology. The “cave” that we explore is, to a pselaphid, a vast 
domain. It may or may not contain an abundance of food, or have 
requisite shelter. It is subject frequently to vernal flooding. Under 
these several conditions, the “cave” may be a sudden expansion of the 
total current range of the population. In other words, the numerous 
cracks, solution passages and fractures which radiate from the “cave,” 
often probably for great distances, or join “cave” to “cave,” or “cave” 
to the earth’s surface may house the bulk of the population. Such 
highways of dispersal would be in any direction, and need not be 
more than five millimeters diameter for ample exploitation. 

If this is true then it explains partially the irregularity in obtaining 
cave pselaphids and further connotes a different type of hypogean 
population distribution. Micrometerological conditions might be even 
more constant in distant fractures than in the cave as such, and might 
contain a relatively higher proportion of food-animals. 
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The historical factor allows sufficient time for pselaphids to col- 
onize cave systems, and in the area under examination there are many 
caves to penetrate. Such penetrations have taken place in the past, 
and are in process at the present time, if the information available 
has been interpreted correctly. In other words, if such a view is ten- 
able we should expect a spectrum of adjustment, from highly modified 
cavernicoles without eyes and wings to chance occupancy by obviously 
epigean species. 

Chance occupancy by trogloxenes probably occurs much more fre- 
quently than the number of attested examples would suggest. By the 
very nature of cave exploration, such recoveries would be few and the 
collection would be that of a single individual as a rule. 

Three examples are known to the author: Tmesiphorus costalis 
LeConte, one specimen from Terrell Cave, Marshall County, Ala- 
bama; Brachygluta illinotsensis Brendel, Falling Water Cave in Ten- 
nessee; Batrisodes (Pubimodes) denticollis (Casey), Laurel Creek 
Cave, near Greenville, Monroe County, West Virginia. All three taxa 
are well-known, common, epigean species, the populations of which 
are broadly dispersed in the eastern United States. In each case, the 
cave collection was of a single individual. 

At some point in the fortuitous evolution of a cavernicole a suc- 
cessful colonization must be attained. This must be by at least a pair, 
or a fertilized female. Its success should be attendant on an ability to 
meet initial competition, or be lodged in a recess where there is a 
temporary lack of competition for suitable space and/or food, yet 
having available such space and/or food. This combination of events 
is probably uncommon. For such an experiment, a taxon with high 
vagility is more apt to succeed. 

An a posteriori choice for such a natural experiment would be 
Batrisodes (Excavodes) globosus (LeConte). This is one of the 
most widely dispersed, most abundant, autochthonous populations of 
the North American area. It is dispersed on the north from Quebec, 
Vermont and Massachusetts west to at least Vilas County, Wisconsin; 
south through Johnson County, Iowa, Douglas and Montgomery 
Counties, Kansas, and Washington County, Arkansas, to Texas and 
Natchitoches Parish, Louisiana, and hence eastward into central Flor- 
ida. The species even has a trans-grassland outlier population in mon- 
tane Colorado (Park, 1947). Over this range it is common in a 
variety of forest types, where it occupies a variety of forest floor habi- 
tat niches. 

It has penetrated a variety of ant societies (Park 1932, 1935), in- 
cluding that of the prairie ant, Formica cinerea neocinerea Wheeler 
(Park, Auerbach and Wilson, 1953). It has become established in 
the society of the mound-builder, Formica ulkei Emery, as a faculta- 
tive synoekete (Park, 1929, 1935). 

Recently a colony of globosus has been discovered by Mr. Steeves 
in Turk’s Cave, near Brooklyn, Conecuh County, Alabama. They are 
present in numbers under wood in the twilight zone. All evidence 
suggests that this is a resident, adjusted, breeding population. Struc- 
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turally they appear unmodified from the epigean globosus reservoir, 
e.g., no change could be noted by the author in male secondary sex 
features, or vestiture and there was no significant reduction in the 
ocular facet number of the female sex — one of the first hallmarks of 
the emergent cavernicole. 

Given sufficient time in this isolated spot, and given no chance for 
interbreeding with the epigean globosus population, this fragment may 
evolve, first as a new race, later as a new species. It is safe to assume 
that twentieth-century readers of this report will not be extant when 
and if these interesting events occur. 

Turning from these suggested beginnings to an examination of 
the known cavernicolous fauna, we find at least three levels of struc- 
tural modification. 

First, there are three genera, Batrisodes, Batriasymmodes, and 
Bythinopsis, the cavernicolous species of which are thought of as hav- 
ing evolved from allied, epigean stocks within relatively recent geologic 
time, and to be evolving further and spreading geographically in the 
present period. 

In Batrisodes and Batriasymmodes such species have a significantly 
reduced ocular facet number in the female sex. In Bythinopsis there 
is reduction in ocular facet number apparently in both sexes, but espe- 
cially in males. 

In other words, there has been enough anatomical change so that 
epigean populations can be differentiated from hypogean populations, 
but not enough modification for the latter to diverge generically. 

Here belong the great majority of known cavernicoles in the Amer- 
ican fauna. 


Second, are elements that have diverged so much that they belong 
to genera or subgenera which do not have epigean representatives. 
They have lost the compound eyes entirely, and usually have lost the 
metathoracic wings. Their epigean allies are to be found in different 
genera or subgenera, within a given subtribe or tribe. Here belong 
Machaerites (subgenera Speleochus and Subterrochus) and Arianops 
(subgenus Arispeleops). Such elements tend to be even more uncom- 
mon, and to occupy a single cave, or at most several “caves” close 
enough to each other to be connected by subterranean fissures. 

Finally, in a class by itself is the speleont Speleobama vana known 
from a single cave. It has lost eyes, wings, most foveae, has elongate 
appendages and bears a remarkable speleobamine ruff of setae. This 
ruff it shares with the only other speleobamine genus, the epigean 
Prespelea of the southern Appalachians, and to this extent could be 
placed in the preceding fourth category, where there are epigean allies 
at the tribal level. The difference is that the tribe Spoleobamini con- 
tains an admixture of characters, part of which belong to one great 
division of the subfamily Pselaphinae, and part of which to the other 
great division of this subfamily. Hence, its divergence is much greater 
structurally, apparently placing the tribe at the bottom of this large 
assemblage of pselaphines (Park 1951, 1953a, 1953b). 
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SUMMARY 


There are thirty-three described species of cavernicolous Pselaphi- 
dae, divided among six genera, and three tribes. 

This fauna is separated to species in a series of taxonomic keys, and 
assembled in a checklist which includes original citation and type lo- 
cality for each species. 

Described as new are Arianops stygica, Batrisodes gemmoides, B. 
ferulifer, B. jocuvestus, B. clypeospecus, B. pannosus, B. tumoris, B. 
krekeleri, B. schneiderensis, Bythinopsis hubrichti, Machaerites croceus, 
M. eurous, and M. steevest. 

A fungus, near the ascomycete genus Stilbum, is reported from B. 
clypeospecus. 

Dimorphism has been found in the males of Batrisodes pannosus. 

The subgenus Batriasymmodes, formerly in the genus Batrisodes, 
is raised to full generic status, with monstrosus (LeConte, 1850) as its 
genotype. New combinations resulting from the above action include: 
B. troglodytes, B. spelaeus and B. quisnamus. 

Three synonyms are formed: Batrisodes jeanneli (Park, 1951), 
B. reduncus (Park, 1956) and B. quisnamus (Park, 1951) are 
synonyms of Batriasymmodes quisnamus. 

In Machaerites the subgenus Subterrochus is described as new, 
with ferus (Park, 1951) as type of subgenus. 

The probable role of small fissures from, or between caves is em- 
phasized in the dispersal of cavernicolous pselaphids. 

Seven major drainage systems have been utilized by this fauna. 
Of thirty-three taxa only two are found in more than one of these 
drainage systems. Twenty-two of these taxa, or about 67 percent, oc- 
cupy one cave per taxon. Exceptions to these two generalizations are 
discussed, with special attention to two species of Batriasymmodes. 
Only one case is known in which more than one species in a given 
subgenus occupies the same cave. 

As a background for a discussion of phylogenesis of cavernicolous 
pselaphids, their epigean allies are discussed briefly in terms of habitat 
niches occupied, response to illumination and moisture, feeding prefer- 
enda, and necturnalism. 


Cave penetration and evolution of cavernicoles are discussed in 
terms of (1) chance occupancy, and (2) a known instance of coloni- 
zation of a given cave by the epigean Batrisodes globosus. 


There appear to be three levels of structural modification. The 
first of these includes the genera Batrisodes, Batriasymmodes, and 
Bythinopsis. Each of these genera have both extant cavernicolous and 
epigean species. All of the cavernicolous populations are modified in 
that there is a reduction in the ocular facet number in one or both 
Sexes. 


The second group shows greater structural modification. Eyes are 
absent and metathoracic wings are usually absent. There is a tendency 
for elongation of appendages, paler integuments, and loss or size re- 
duction in foveae. Here belong Machaerites (subgenera Speleochus 
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and Subterrochus) and Arianops (subgenus Arispeleops). These cav- 
ernicoles belong to genera or subgenera which do not have epigean 
representatives, that is, divergence is at the generic or subgeneric level. 

Finally, the tribe Speleobamini has an admixture of basic struc- 
tural features found in both branches of the subfamily Pselaphinae, 
that is, divergence is at the tribal group level. Here belongs Speleoba- 
ma vana in which eyes, wings, vertexal, pronotal, and elytral foveae 
are absent, appendages are long and integument pale. 


REFERENCES 


BRENDEL, Emit 1865. On some new species of Pselaphidae. Proc. Entomol. 
Soc. Philadelphia, pp. 28-32. 
1889. Descriptions of new Scydmaenidae and Pselaphidae. Entomol. 
Am., 5:193-197. 
AND H. F. WickHam 1890. The Pselaphidae of North America. Bull. 
Lab. Nat. Hist., St. Univ. Iowa, 1:216-403, 2: 1-84. 

Casey, T. L. 1897. Coleopterological Notices, VII. Ann. New York Acad. 
Sci., 9:285-684. 

ENGELMANN, M. D. 1956. Observations on the feeding behavior of several 
pselaphid beetles. Entomol. News, 67:19-24. 

JEANNEL, RENE 1948. Revision des Amaurops et genres voisins. Revue Fran- 
¢aise d’Ent., 15:1-19. 
1949. Les Psélaphides de l’Afrique Orientale. Mém. Mus. d’Hist. Nat. 
n. s., 29:1-226. 
1950. Coléoptéres. Psélaphides. Fauna de France, No. 53. Lechevalier, 
Paris, 421 pp. 
1958. Révision des Psélaphides du Japon. Mém. Mus. d’Hist. Nat., 
n. s., 18: 1-138. 

LeConrte, J. L. 1850. On the Pselaphidae of the United States. Boston J. 
Nat. Hist., 6:64-110. 

Marsu, G. A. anp R. O. Scuuster 1954. A preliminary revision of the 
genus Pselaptrichus. Trans. San Diego Soc. Nat. Hist., 12:3-28. 
MILLER, Lupwic 1885. Beitrage zur Grotten-Fauna Krains. Verh. Zool-bot. 

Ges. Wien, 5:505-510. 

Park, Ortanpo 1929. Ecological observations upon the myrmecocoles of 
Formica ulkei Emery, especially Leptinus testaceus Mueller. Psyche, 
36: 195-215. 

1932. The myrmecololes of Lasius umbratus mixtus aphidicola Walsh. 
Ann. Entomol. Soc. Am., 25:77-88. 

1933. The food and habits of Tmesiphorus costalis LeConte. Entomol. 
News, 44:149-151. 

1935. Further records of beetles associated with ants. Ibid., 46: 
212-215. 

1936. Beetles associated with the mound-building ant, Formica ulkei 
Emery. Psyche, 42:216-231. 

1947. Observations on Batrisodes, with particular reference to the 
American species east of the Rocky Mountains. Bull. Chicago Acad. 
Sci., 8:45-132. 

1951. Cavernicolous pselaphid beetles of Alabama and Tennessee, with 
observations on the taxonomy of the family. Geol. Survey Alabama, 
Mus. Pap., 31:1-107. 


104 Tue AMERICAN MIDLAND NATURALIST 64(1) 


1953a. New or little known pselaphid beetles of the United States, 

with observations on taxonomy and evolution of the family Pselaphidae. 

Bull. Chicago Acad. Sci., 9:247-283. 

1953b. Discrimination of genera of pselaphid beetles of the United 

States. Ibid., 9:299-331. 

1956. New or little known species of pselaphid beetles from southeast- 

ern United States. J. Tenn. Acad. Sci., 31:54-100. 

1958. New or little known species of pselaphid beetles chiefly from 

southeastern United States. Ibid., 33:39-74. 

, S. I. AverBacu, AND Marie Witson 1953. Pselaphid beetles of an 

Illinois prairie: the population. Ecol. Monogr., 23:1-15. 

AND J. A. WacneR 1960. Family Pselaphidae. In M. H. Hatch ed. 

The beetles of the Pacific Northwest, Part III. Univ. Washington 

Press, Seattle (in press). 

Rarrray, ACHILLE 1890. Etude sur les Psélaphides. Revue d’Ent., 9:1-28; 

81-172; 193-220; 264-265. 

1908. Pselaphidae. Genera Insectorum, 64th Fas. Wytsmann, Bruxelles, 

487 pp. 

ReitTer, EpMuNp 1881. Versuch einer systematischen Eintheilung der Clavi- 
geriden und Pselaphiden. Vehr. naturf. Ver. Briinn, 20:177-211. 

Scuuster, R. O. anp G. A. Marsu 1956. A revision of the genus Pselap- 
trichus Brendel. Univ. Cal. Pub. Entomol., 11:117-158. 

Yosuma, AkiRA AND Sizumu Nomura 1952. A list of the Arthropoda in the 

limestone caves in Kanto-Mountainland, with descriptions of a new 

genus and three species. Chuho, 6:1-8. 


The Occurrence of False Scorpions in Caves with 
Special Reference to Cavernicolous Adaptation and 
to Cave Species in the North American Fauna 
(Arachnida - Chelonethida) 


JOSEPH C. CHAMBERLIN and DAVID R. MALCOLM! 


INTRODUCTION 


The false or pseudoscorpions are small, generally dorso-ventrally 
flattened arachnids belonging to the order Chelonethida. They hold 
especial interest from a speleological standpoint because a significant 
number are either obligate or facultative cave-dwelling forms. This 
is not at all surprising in light of the fact that these animals typically 
live in such habitats as under stones or bark, in crevices of all kinds, 
in the duff and debris of the forest floor, in the soil, and in other 
cryptic locations. The morphological and physiological characteris- 
tics fitting animals for these types of habitats need a minimum of 
adaptive change to allow exploitation of a cave environment. 


CAVERNICOLOUS MODIFICATIONS 


As with many cavernicoles, one of the most common modifica- 
tions is the loss of eyes. Although many pseudoscorpions are eyeless 
or provided merely with eyespots, most cave false scorpions are de- 
rived from groups which are normally four-eyed rather than blind. 
More characteristic than loss of eyes is a trend toward depletion of 
integumentary pigmentation. Cave pseudoscorpions also show a 
marked tendency to develop extremely slender and attenuated legs 
and palpi, especially in the highly troglobiont forms such as species 
of Blothrus Schiddte, Pseudoblothrus Beier, Vachonium Chamberlin, 
Leucohya Chamberlin, Troglohya Beier, and many others. All false 
scorpions depend more on the tactile than the visual sense. 

False scorpions are provided typically with a battery of twelve 
highly specialized and sensitive tactile setae on the fingers of the 
chelae. Other tactile hairs frequently occur on the third and fourth 
pairs of legs as well as on the tip of the abdomen. Hence, they are 
already admirably adapted to a life in which tactation plays a primary 
functional role. In cave chelonethids there is a strong tendency to 
develop more elongate vestitural setae which also serve secondary 
tactile functions. The main development in cave species, however, is 
the attenuation of the appendages, particularly of the prehensile, 
chelate pedipalps enabling the animal to function more efficiently 
for purposes of defense as well as predation in an environment where 
the visual sense is of no value. 


1 Entomologist, Forest Grove, Oregon and Associate Professor of Biology, 
Portland State College, Portland, Oregon, respectively. 
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An excellent example of pedipalpal attenuation is found in the 
genus Neobisium Chamberlin, which includes numerous cave as well 
as epigean species (Fig. 1C compared to Fig. 1D). A random selec- 
tion of ten cave-dwelling and ten epigean species of this genus showed 
that the ratio of length to breadth of the palpal femur averaged 1.8 
times as extreme in the cave as in the epigean members of the genus. 
Similarly, when comparing the ratio of length to breadth of the 
palpal chela and hand of the chela, the respective ratios were 2.0, 1.6, 
and 1.6 times as extreme in cave as in free-living species. In other 
words, the main segments of the palpi averaged from 11% to 2 times 
as attenuated in cave as in epigean species of the genus. The chthoni- 
ids, many of which are normally very slender in facies, also show this 
tendency although to a lesser degree (Fig. 1A in comparison to 1B). 
To illustrate, ten randomly selected epigean species of the genus 
Tyrannochthonius Chamberlin were selected and compared with the 
11 known cave forms. The average ratio of length to breadth of the 
palpal femur, palpal chela, and hand of the chela was found to be 
1.2 times as great in cave species as in epigean forms, while the ratio 
for the palpal tibia was 1.1 times as extreme. 

The development of giantism (Fig. 1) among many cavernicolous 
pseudoscorpions is a very characteristic and indeed typical modifica- 
tion. The trait has apparently arisen independently in most, if not 
all, true troglobiont chelonethids. Using the length of the palpal 


Fig. 1—Comparison of pedipalps of epigean and troglobiont false scorpions. 

A and B: Chthoniidae. A. Dorsal view, palp of an epigean Tyrannochthon- 
ius from Florida. Compare with B, the palp (ventral aspect) of a troglobiont 
species of the same genus from Alabama. Same scale of magnification. C, D: 
Neobisiidae. C. Ventral view, left palp of a typical epigean species, Neobisium 
(N.) sylvaticum (L. Koch). Compare with D, the right palp (dorsal aspect) 
of a typical troglobiont, N. (Blothrus) abeilli (Simon). Drawn to same scale. 
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femur, the palpal hand and fingers of the chela as indices of size, this 
phenomenon is easily demonstrated. Neobisium with its large num- 
ber of both epigean and cave forms was selected for study. A com- 
parison of nine epigean and nine cave species of this genus, selected 
at random, showed that the lengths of femur, hand, and fingers aver- 
aged 2.5, 2.3, and 2.1 times as long in the troglobiont (subgenus 
Blothrus) species as in the epigean (subgenus Neobistum) forms. 
Giantism reaches its most extreme expression in two species of this 
genus, N. (B.) maderi Beier and N. (B.) biocovense Miiller, in which 
the lengths of palpal femora are 4.0 and 4.5 mm, respectively. In the 
false scorpion world, where total body length often may not exceed 
1-2 mm, this is truly immense! A glance at other groups of false 
scorpions shows that this tendency is not limited to the neobisioids. 
For example, length of palpal femur and chela of seven randomly 
selected cavernicolous species of Tyrannochthonius averaged 1.7 and 
1.8 times as long as the average in nine epigean members of the same 
genus. The adaptive value of this increased size remains obscure but 
may be related to the size of available prey in a cavernicolous 
environment. 


RELATIONSHIP OF CAVE SPECIES TO TAXONOMIC CATEGORIES 


A survey reveals that of 1,857 species and subspecies of false scor- 
pions thus far enumerated for the world, 293 are cavernicolous to a 
greater or lesser extent. Thus, 16 per cent of all known chelonethids 
either may or must live in caves. This is indeed a high percentage of 
representation to be found for an entire order. However, further study 
(summarized in Table I) shows some even more interesting facts. Of 
the 293 cavernicolous forms, 268 are members of the two superfamilies 
Chthonioidea and Neobisioidea, these two superfamilies contributing 
92 per cent of all cave species found in the order while comprising only 
37 per cent of the total number of species. Furthermore, 89 per cent 
of the genera which are known only from cave forms belong to these 
two groups. Thirty-two per cent of all chthonioids are cavernicoles to 
some degree, while 44 per cent of all neobisioids fall in the same cate- 
gory. Considering these superfamilies together, 39 per cent of all 
species are cavernicolous. In none of the other four superfamilies does 
the percentage of cavernicoles exceed 3 per cent. 

The American fauna north of Panama comprises approximately 
314 species (including presently recognized but as yet unnamed cave 
forms). This is about one-sixth of the world total. Of the American 
species, 43, or 14 per cent are known from caves — a value very closely 
comparable to the 16 per cent incidence in the world fauna. Also, as 
for the world fauna, the great majority of cave forms belong to the 
superfamilies Chthonioidea and Neobisioidea where the percentage 
of included cave species is 46 and 27, respectively (35 per cent consid- 
ering both groups as a unit). 

Why the preponderance of cavernicoles in the two superfamilies 
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Chthonioidea and Neobisioidea? The answer appears to lie in the 
ecological habits of the members of the two groups. Basically, they 
are leaf-mold and soil-inhabiting forms. Although they are normally 
four-eyed, there is a strong tendency toward the loss of the posterior 
eyes even in epigean forms. Most species are typically retiring and 
rather sluggish inhabitants of damp duff and humus, lying in wait 
for their prey, rather than actively pursuing it. The overwhelming 
majority of the true troglobiont forms are derivatives, then, of mois- 


Table I—Incidence of cave species! in the order Chelonethida (manu- 
script genera and species are excluded) 


False Scorpion Genera 


Per cent Cave 
No. with with Total species 
Superfamily World cave cave No. of 
or Family total species species species No. Percent 
CHTHONIOIDEA 
Tridenchthoniidae 17 1 6 50 1 2 
Chthoniidae 31 16 52 225 88 39 
Total 48 17 35 275 89 32 
NEOBISIOIDEA 
Neobisiidae 15 8 53 356 162 46 
Ideoroncidae 10 2 20 22 3 14 
Syarinidae 8 5 62 20 9 45 
Hyidae 4 2 50 5 2 40 
Vachoniidae 3 2 67 5 3 60 
Total 40 19 48 408 179 th 
GARYPOIDEA 
Menthidae 1 0 0 4 0 0 
Olpiidae 34 0 0 168 0 0 
Garypidae 13 1 8 94 2 2 
Total 48 1 2 266 2 0.8 
FEAEOLLOIDEA 
Pseudogarypidae 3 0 0 8 0 0 
Feaellidae 1 0 0 8 0 0 
Total 0 0 16 0 
CHEIRIDIOIDEA 
Cheiridiidae 8 0 0 31 0 0 
Sternophoridae 2 0 0 9 0 0 
Total 10 0 0 40 0 0 
CHELIFEROIDEA 
Atemnidae 18 1 6 151 1 0.7 
Myrmochernetidae 1 0 0 1 0 0 
Chernetidae 86 11 13 393 18 5 
Cheliferidae 77 4 5 307 4 1 
Total 182 16 9 852 23 3 
TOTAL 332 53 16.0 1857 293 15.8 


1 For purposes of this tabulation no distinction is made between species and 
subspecies. Data from published records to 1958. 


2 Includes “artificial” cave subgenera of Allochthonius, Chthonius, Neobis- 
ium, and Roncus. 
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ture loving, soil- and humus-inhabiting species—-in other words, 
those that are almost “subterranean” in habit to begin with. 
Practically no cavernicoles are found in the Garypoidea and none 
at all in the Feaelloidea and Cheiridioidea. The garypoid caverni- 
coles (two species) of the genus Larca Chamberlin are true troglo- 
bionts from Spanish caves. In the large superfamily Cheliferoidea, 
which includes nearly half of the described false scorpion species, a 
modest number of cavernicoles occur (about 3 per cent of the world 
total). These belong primarily to the single family Chernetidae, all 
species of which are blind. Many species of this family are recorded 
from the nests of ants and other social insects, bird, rodent or other 
small animal nests, and more important, from our standpoint, in 
association with bats. It is easily seen how such pseudoscorpions 
living in intimate commensal relationships with such an animal as a 
bat could be carried into caves and from cave to cave with the 
“host.” Most known (as well as presently undescribed) cavernicolous 
cheliferoids, principally chernetids, are found exclusively in bat caves. 
It is highly probable, therefore, that the basic association is between 
the pseudoscorpion and the bat rather than between the pseudoscorpion 
and the cave. Hence, we regard these forms as primarily “‘chiroptero- 
philes” and only secondarily as troglophiles. Thus, morphological 
specializations normally arising from cave habitation are rare or 
completely lacking. A few other species in this superfamily reported 


from caves may be considered to be trogloxene in habit. That is, they 
are found only in the twilight zone of caves and in many instances 
are merely epigean forms that have gained fortuitous entrance. 


FAUNISTIC DERIVATION OF CAVE SPECIES 


In general, the chelonethid cave fauna is derived from the epigean 
forms existing in the same general geographical area, a point already 
made by Beier (1940) in his review of the phylogeny of European 
cave-dwelling pseudoscorpions of the families Chthoniidae and Neo- 
bisiidae. The chelonethid fauna of Europe, both epigean and cave, 
is much better known than that of any other part of the world. Thus, 
Beier was able to trace probable lines of evolution within the com- 
mon European genera. These genera are not, however, the same as 
those contributing to the North American cave fauna, but, as one 
would expect, most closely related to epigean European forms. In 
Europe, the genera Neobisium and Roncus L. Koch in the broad 
sense, provide the majority of troglobionts. The number is large, and 
within each genus a polyphyletic subgenus (Blothrus and Parablo- 
thrus Beier, respectively) has been recognized for the reception of 
most of the cavernicoles. 

The only exceptions to the rule that cave forms are derived from 
the existing epigean fauna of the same area, are a few species which 
can best be understood as relict forms — or shielded remnants of an 
earlier fauna. For example, Troglochthonius Beier is a monotypic, 
troglobiont genus from the Balkans. It is considered to be an offshoot 
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of Tyrannochthonius which does not now live in that geographical 
area. The same is likely true of other relict genera of Europe such as 
Hadoblothrus Beier, Pseudoblothrus, and Troglobisium Beier of the 
family Syarinidae, not otherwise represented in Europe. 

Investigation of the North American chelonethid cave fauna is 
still in its infancy. Practically all collections of cave false scorpions 
made in the United States have come from limestone caves east of 
the Mississippi River, despite extensive caverns in Texas, New 
Mexico, Arizona, Utah, Oregon and other parts of the West and 
Southwest. The caves thus far explored in Texas have been bat 
caves, and as would be expected only chernetid chiropterophile spe- 
cies have been found. Only from the relatively well-investigated caves 
of eastern United States and southern Mexico have true troglobiont 
forms been collected. 

In North America, in contrast to Europe, there are no cave species 
of the genus Chthonius C. L. Koch, their place being taken by repre- 
sentatives of other genera such as Kleptochthonius Chamberlin, 
Tyrannochthonius, or Chamberlinochthonius Vachon. In the Neo- 
bisiidae, cavernicolous species of Neobisium and Roncus are numer- 
ous in European caves but rare in North America. Troglobiont 
species of the holarctic genus Microcreagris Balzan are now known 
from both European (Portugal) and the United States caves. Two 
new species of the syarinid genus Chitrella Chamberlin from eastern 
caves have recently been described (Malcolm and Chamberlin, 1960). 
The most highly specialized of all North American cave forms, how- 
ever, are true troglobionts from Mexico belonging to the families 
Hyidae and Vachoniidae. Since epigean species of these two small 
families are not known from America, they may represent true relict 
forms. 


Synoptic REviEw OF THE NortH AMERICAN Cave GENERA 
Superfamily Chthonioidea Chamberlin 
Family Tridenchthoniidae Balzan 


The small family Tridenchthoniidae is predominantly tropicopol- 
itan in distribution and is rather poorly known at present. Tridench- 
thonius juxtlahuaca Chamberlin and Chamberlin is the only species 
thus far described from a cave (Cueva de Juxtlahuaca, Colotlipa, 
Mexico). It was presumably collected from bat guano. It is closely 
related to an epigean species described from the same general area 
(T. mexicanus Chamberlin and Chamberlin) and in any case is at 
most a troglophile if not merely a trogloxene. 


Family Chthoniidae Hansen 


The Chthoniidae is a large family of world-wide distribution. A 
high percentage of the known troglophilic and troglobiont false scor- 
pions belong to this family. 
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In North America the chthoniid cave species are represented by 
the genera Kleptochthonius, Chamberlinochthonius, Tyrannochthon- 
ius, Apochthonius Chamberlin (?) and a presently undescribed and 
rather unique monotypic genus. The cave representatives of all these 
genera except Apochthonius are mostly true troglobionts. The spe- 
cies representing these genera are known from various of the exten- 
sive limestone caverns which are common throughout the Appa- 
lachian region including Indiana, Kentucky, Tennessee, West Vir- 
ginia and Alabama. 


It is of interest to note that the earliest records of cavernicolous 
false scorpions from America included representatives of this family. 
Thus the three species discussed by Packard (1886) were: Chthonius 
packardi Hagen (= Kleptochthonius packardii (Hagen)) from 
Wyandotte Cave in Indiana; Chthonius coecus Packard (= Apoch- 
thonius (?) coecus (Packard)) from Weyer’s Cave, Virginia and 
Obisium cavicola Packard (= Chitrella cavicola (Packard) teste Wm. 
B. Muchmore, (1959) ) from New Market Cave, Virginia. It seems 
certain that Chthonius packardi as described by Hagen and redescribed 
and discussed by Packard is a composite of several species and the 
true identity of all specimens recorded under this name other than 
those of the type collection from Wyandotte Cave are suspect. 


Genus Apochthonius Chamberlin 


The genus Apochthonius, represented by five described species, 
is widespread throughout much of the United States. Individuals 
are common in forest litter, moss and similar environments. It seems 
probable that the species Chthonius coecus Packard (1884, Amer. 
Naturalist, 18:203) properly pertains to this genus, or, less probably, 
to Mundochthonius Chamberlin — a question that can only be 
settled by restudy of the type or of topotypical material. It is certain 
that it does not belong to either Chthonius or Kleptochthonius. The 
species is not of troglobiont facies and may be either a trogloxene or, 
at most, a troglophile. 


UNDESCRIBED New GENUS 


Specimens of an unusual, undescribed troglobiont species are at 
hand which represent a new genus having no close affinities to any 
other American genus. They were collected in an Alabama Cave 
and may represent a true relict form. 


Genus Kleptochthonius Chamberlin 


The genus Kleptochthonius comprises three described species 
(one a cave dweller) from the eastern part of the United States, 
particularly the southeastern states. One of these species, K. packardi 
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(Hagen) described from Wyandotte Cave in Indiana, has already 
been discussed. In addition to these described forms, Chamberlin 
and Malcolm have in manuscript, descriptions of 7 new species be- 
longing to this genus — 5 troglobionts from Tennessee and Virginia 
and 2 epigean forms from Oregon. One representative of the epigean 
species K. multispinosus Hoff is currently at hand from an Ala- 
bama cave. Thus of 10 described and manuscript species of Kleptoch- 
thonius known to us 60 per cent are exclusively from cave habitats. 


Genus Chamberlinochthonitus Vachon 


The genus Chamberlinochthonius at the present time contains but 
a single species, C. henroti Vachon, a true troglobiont from Mac- 
Clung’s Cave in West Virginia. Kleptochthonius and Chamberlinoch- 
thonius are very similar in most respects and future study may require 
a redefinition of the two genera with Chamberlinochthonius possibly 
falling as a synonym or being relegated to subgeneric rank. 


Genus Tyrannochthonius Chamberlin 


The genus Tyrannochthonius is widely distributed but basically 
tropicopolitan in distribution. In addition, certain subtropical epigean 
forms, as yet undescribed, occur in the southern United States (Flor- 
ida and Arkansas). 

In extensive cave collections from Alabama we have found 11 
typical troglobiont species and subspecies belonging to this genus. 
Including certain undescribed, free-living species Tyrannochthonius 
in its broadest sense is now known to include a total of 61 species 
and subspecies of which one is a trogloxene from a Mexican cave 
while 11 are true troglobionts from various caves in Alabama. Thus, 
roughly 20 per cent of the known species in this genus occur in caves. 


Superfamily Neobisioidea Chamberlin 
Family Neobisiidae Chamberlin 
The genus Neobisium which is so abundant both in numbers and 
species in Europe is represented in North America by a single vari- 
able species restricted to the eastern seaboard of the United States. 
It has not been found in caves — not even in the twilight zones, 
although such occurrences should be anticipated. 


Genus Parobisium Chamberlin, new genus 
Generic type: Neobisium (Parobisium) magnum Chamberlin. 


The genus Parobisium, originally considered a subgenus of Neo- 
bistum (Chamberlin 1930, Ann. Mag. Nat. Hist. London ser. 10: 
5:17), is here elevated to full generic rank. It wili undoubtedly be 
found to be a large genus with many species in the Orient (China, 
Japan) and in northwestern North America. Cave species have 
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already been described from Japanese caves by Morikawa (1957) 
although none seem to be more than troglophilic in character. One 
described epigean species is presently known from Oregon. In addi- 
tion we have at hand a second unnamed species collected from one 
of the numerous lava caves near Redmond, Oregon. The species is 
blind and attenuate but of nearly normal pigmentation — possibly 
only a_ trogloxene. 


Genus Microcreagris Balzan 


The genus Microcreagris is an extremely wicle ranging (holarctic) 
genus comprising a very common element of the forest floor fauna 
wherever it occurs. Its species normally possess 4 large eyes. Al- 
though generally favoring a moist to damp environment, true desert 
forms are known. In most respects it seems to fill the same ecological 
niche held by Neobisium. Hence it would appear to be a natural 
source of cave inhabitants. Surprisingly, the only true troglobiont 
thus far described is M. cavernicola Vachon from Portugal. How- 
ever, we have at hand three manuscript troglobiont species from caves 
in Tennessee and Alabama, indicating the possibility that many more 
await description. 

The only North American species of Microcreagris thus far recorded 
from a cave is M. phyllisae Chamberlin, an epigean form from Eaton’s 
Cave (Los Angeles County) in California. Including manuscript 
forms the apparent incidence of cave species in Microcreagris is at 
least 7 per cent. 


Family Syarinidae Chamberlin 


The small family Syarinidae is at present inadequately known but 
is of outstanding speleological interest in being represented by three 
highly specialized, troglobiont relict genera of Europe. Two Amer- 
ican genera of the family are presently known to include cave species. 


Genus Chitrella Chamberlin 


The genus Chitrella is currently composed of six species which are 
nearctic in distribution. The typical habitat is in leaf mold, soil, and 
under stones. Three of the 6 species are new (Malcolm and Chamber- 
lin, 1960). Of these, two are from caves in Tennessee and West Vir- 
ginia. Obisium cavicola Packard, collected from New Market Cave in 
Virginia also belongs to this genus (teste Muchmore 1959). There- 
fore, of the six species in the genus, three are exclusively cavernicolous. 


Genus Pachychitra Chamberlin 


The genus Pachychitra is presently known from three species from 
the Caribbean area, one of which (P. maya Chamberlin) was de- 
scribed from near the mouth of a cave in Yucatan where its occur- 
rence may well have been fortuitous. 
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Family Vachoniidae Chamberlin 


The rare family Vachoniidae is known from three genera — one a 
genus of free-living species occurring in South Africa and two cave 
genera (including three troglobiont species) from Mexico, These are 
Vachonium boneti Chamberlin (Yucatan, Cueva de Sabaca) ; Vach- 
onium maya Chamberlin (Yucatan, Cueva de Balaam Canche, Chich- 
en Itza); and Paravachonium bolivari Beier (Tamaulipas, Cueva de 
Quintero). 


Family Hyidae Chamberlin 

The family Hyidae is known from a mere handful of species 
grouped in four genera. Two of these are represented by epigean species 
only (Hya Chamberlin (from the Philippine Islands, Java and Su- 
matra) and Parahya Beier (from Micronesia) ). The other two gen- 
era are monotypic and include the two most extreme troglobiont spe- 
cies yet found in the North American fauna (Leucohya heteropoda 
Chamberlin (Neuva Leon, Gruta del Palmito) and Troglohya carran- 
zai Beier (Northern Oaxaca, Cueva de Monteflor) ). 


Superfamily Cheliferoidea Chamberlin 
Family Chernetidae Chamberlin 

The large family Chernetidae is of cosmopolitan distribution. No 
true troglobiont species are known although a fair number of species 
have been recorded from caves, primarily bat caves, and usually on or 
associated with guano deposits. All species are eyeless so that blindness 
per se has no significance in this family as far as cave adaptation is 
concerned. None of the species known to us is significantly modified in 
a troglobiont direction and, except for a number of trogloxene forms 
which have wandered into the mouths and near the entrances of caves, 
most known species may be considered primarily chiropterophile and 
only secondarily troglophile in habit. 

Published records of chernetids from American caves are extremely 
few. Two species (Lustrochernes minor Chamberlin and Parazaona 
cavicola Chamberlin) have been recorded from Yucatan Caves. One 
species (Tejachernes stercoreus (Turk) ) was taken from bat guano in 
Bracken Cave, Texas, while Pseudozaona mirabilis (Banks) was de- 
scribed from Indian Cave, Barren County, Virginia. 

In addition to the published records, numerous specimens from 
various caves in Alabama, Texas, Mexico and a few other North 
American localities are at hand—most of these appear to belong to 
the genera Pseudozaona Beier, Hesperochernes Chamberlin and Din- 
ocheirus Chamberlin. 


RECAPITULATION 


In summary we may say that the 16 per cent of the species of the 
order Chelonethida which are found in caves come predominantly 
from two superfamilies, the Chthonioidea and the Neobisioidea. This 
can be explained on the grounds that these two groups basically consist 
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of moisture-loving, soil and humus-inhabiting forms that easily adapt 
to cave environments. The question arises, however, as to why the 
troglobiont habit evolved repeatedly in certain genera, while in closely 
related genera, living in much the same type of habitat, troglobioncy 
has never appeared. It is a question that piques the imagination and 
interest, but at present no answer is available. 

In common with other cavernicolous animals, false scorpions which 
have adapted themselves to this environment often lose their eyes and 
body pigment. In addition, attenuation of appendanges and giantism 
are frequent modifications. 

The distribution of troglobioncy in the chelonethids, both geograph- 
ic and phylogenetic, can best be explained as an outcome of the origin 
of cave forms from the epigean species of the area surrounding the cave. 
Those cave species which are geographically isolated from related epi- 
gean forms can logically be explained as relict species of earlier faunas. 

The North American cave fauna is composed primarily of the 
chthoniid genera Tyrannochthonius, Kleptochthonius and Chamber- 
linochthonius instead of Chthonius as in European cave fauna. In place 
of Neobisium and Roncus, so dominant among cave false scorpions in 
Europe, we find the neobisiid genera Microcreagris and Parobisium 
and the syarinid genus Chitrella. In addition, Mexican caves contain 
such unique and possibly relict genera as Leucohya and Troglohya of 
the Hyidae and Vachonium and Paravachonium of the Vachoniidae. 
In bat caves we find representatives of Parazaona, Pseudozaona, Teja- 
chernes and other chernetids which, in contrast to the neobisioid and 
chthonioid forms, are to be considered primarily chiropterophile and 
only secondarily troglophile in nature. 
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Speciation in North American Cave Millipeds 


NELL B. CAUSEY 


Fayetteville, Arkansas 


Millipeds rank probably third among terrestrial arthropods — 
after the insects and arachnids — as to the number of cave-adapted 
forms. Some groups of them, notably the suborder Chordeumidea, 
have produced many cavernicoles; other groups have produced none, 
possibly because of some intrinsic factor and not lack of proximity 
to caves. 

Typical millipeds spend their lives in humus, rarely moving from 
it except at night. The humus supplies all of their needs: food and 
protection from desiccation, light, and extreme temperatures. The 
food is usually decaying vegetable matter, sometimes fungi, decaying 
animal matter, or animal excrement. Because most millipeds lose 
water readily through the exoskeleton, they do not wander far from a 
continuously moist substratum. Caves would seem to offer a more cer- 
tain source of uninterrupted humidity than most epigean habitats. 

Millipeds usually have been regarded as a very uniform group 
with regard to water relations, but actually a wide range exists in their 
humidity reactions, a range stated by Perttunen (1953) to be as wide 
as that among insects. Large, heavy-bodied forms tend to be eury- 
hygric and smaller forms stenohygric, but within each size range a 
great variety exists in the humidity reactions. Measured evidence of 
this is scarce, for the study of the class Diplopoda is still in the de- 
scriptive stage. 

Millipeds collected in caves fall into three ecological groups, viz., 
epigean forms that have entered accidentally, facultative cavernicoles, 
and obligate cavernicoles. It is often impossible to determine to which 
ecological group a particular form belongs on the basis of morpho- 
logical characters alone, for millipeds are a conservative group, and 
cave-induced modifications are seldom spectacular. Bizarre cave- 
adapted forms are rare. 

The accidental cave entrants usually have pigmented, heavy exo- 
skeletons and include both small-bodied and large-bodied forms. They 
wander into caves, fall in, are washed in by flood waters, are driven 
in by drought, or are carried in by other animals. And since caves 
have been studied so much more thoroughly than most epigean areas, 
some epigean forms are known only from cave collections. 

The facultative cavernicoles, or troglophiles, are epigean forms 
with great moisture requirements that usually live in deep humus, but 
they are also tolerant of cave conditions and sometimes reproduce 
there. Some troglophiles have the somatic modifications that are asso- 
ciated with obligate cave life: reduction of body pigment, elongation 
of legs and antennae, a thinner exoskeleton, and loss of some or all of 
the ocelli. Others show these modifications only to a slight degree or 
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not at all. Cambala minor is a common troglophile in the eastern 
United States, and there are three conotylids in the upper Mississippi 
Valley that are troglophiles. Possibly some of the pseudotremias are 
troglophiles also. 

The most conspicuous modifications of obligate cavernicoles, or 
troglobites, is the loss of body pigment, leaving them either white or 
some pale shade of brown or yellow; the latter colors often darken 
upon preservation. The thickness of the exoskeleton seems to vary 
with the group, as it does in epigean forms. In some forms the exo- 
skeleton is so thin that it wrinkles in dry air, while in others it is 
almost as thick as in related epigean forms. The legs and antennae 
are thinner and longer than in closely related epigean forms, but 
rarely to a marked degree. The sensory setae are usually elongated 
in relation to the lengthening of the legs and antennae, but they seem 
to be less numerous than in some epigean forms. The body tends to 
be slightly larger than in the closest epigean relatives; gigantism is rare. 
The body length ranges from about 5 mm to 60 mm; most species are 
between 8 and 30 mm long. 

In a few species, the cave modifications are great enough to pro- 
duce a striking appearance. Speodesmus bicornourus, a Texas troglo- 
bite, has the legs and antennae so elongated and the body so narrow 
and loose-jointed that it resembles a centiped more than a milliped. 
Speostriaria shastae, from a California cave, is a giant, about twice 
the length of any other striariid and the only one with elongated legs 
and antennae. It is of special interest because it is the only troglobitic 
milliped that is known from both Pleistocene and Recent specimens. 
The ocelli have persisted and are as numerous and almost as deeply 
pigmented as in epigean striariids, but there is no body pigment. 

The study of North American cave millipeds began with E. D. 
Cope, who is remembered chiefly for his work in vertebrate paleon- 
tology. He described Pseudotremia cavernarum and proposed the 
genera Pseudotremia in 1869 and Scoterpes' in 1872; these are the 
largest and most complex milliped genera in our cave fauna. A. S. 
Packard, Jr. described a polydesmid from a desert cave in Utah 
(1877) and two chordeumids from Kentucky caves (1871, 1883). 
In his “Cave Fauna of North America” (1886), he included figures 
of the brains of Pseudotremia sp. and Scoterpes copet, which he sec- 
tioned and examined for the presence of optic nerves and optic ganglia. 
John A. Ryder (1880) added the third great eastern cave genus, 
Zygonopus, for Virginia and West Virginia trichopetalids. During 
Charles H. Bollman’s brief, brilliant, career, he described (1887) one 
cavernicole, Scytonotus cavernarum, from Mayfield’s Cave, Monroe 
Co., Indiana; unfortunately, this milliped has not been identified in 


1 Although Scoterpes was first mentioned in a paper on the fauna of Wyan- 
dotte Cave, in Indiana, the genus does not occur that far north; it was pro- 
posed for Pseudotremia copei Packard from Mammoth Cave, Kentucky, which 
is at the northern limit of the range of the genus. A paper on Scoterpes is in 
preparation. 
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later collections. Jerome McNeill (1887) described Trichopetalum 
bollmani, now in the genus Conotyla and known from several Indiana 
caves. 

At the end of the nineteenth century the literature species of North 
American troglobites consisted of two polydesmids and five chorde- 
umids. The latter were brought together, with excellent descriptions 
and figures of some, in Cook and Collins’ “Craspedosomatidae of 
North America” (1895). These authors added no more cave species, 
but they proposed the genus Conotyla, which includes both epigean 
and troglobitic forms. 

The collections made by Mr. Kenneth Dearolf and Mr. Leslie 
Hubricht from caves in the eastern United States provided the material 
for the important 1939 and 1943 papers of H. F. Loomis and opened 
a new phase in the taxonomy of cave millipeds. In these and later 
papers (1944, 1953) , Loomis added three genera and 17 species. R. V. 
Chamberlin has worked on two important cave collections from Mex- 
ico (1938, 1942), and has added two genera and several species and a 
subspecies from caves in Georgia and the western states (1943, 1952, 
1953b). Several of the other species that he described (1953a, 1953b) 
were collected in caves, but they probably are not troglobites. Richard 
L. Hoffman (1950, 1956) has added two genera, several species, and 
a subspecies from the eastern states. Nell B. Causey (1958, 1959, 
1960) has been fortunate in having the large collections of Dr. Thomas 
C. Barr, Jr., the Cave Research Associates, and several members of 
the National Speleological Society for study. She has added two 
genera and several species and has others in press. 

Fossil specimens of two species from caves in northern California 
were described by Fordyce Grinnell, Jr. (1908). They should be 
restudied. 

In the “Checklist of the Millipeds of North America” (Chamber- 
lin and Hoffman, 1958), 29 species and subspecies, or approximately 
4 percent of all species listed are troglobites. Since the publication 
of the “Checklist,” several other troglobites have been described, and 
many others have been collected. The total number — both described 
and undescribed — is more than 90 species and subspecies, represent- 
ing 21 genera and 4 orders. The final revised percentage of troglobitic 
species probably will be greater than 4 percent because of the high 
endemism in the genus Pseudotremia. Of the estimated number of 
species and subspecies, four orders are represented as follows: Chorde- 
umida, 80 percent; Polydesmida, 15 percent; Cambalida, 3 percent; 
Julida, 2 percent. Of the epigean species and subspecies listed in the 
“Checklist,” these same four orders are represented as follows: Chorde- 
umida, 16 percent; Polydesmida, 40 percent; Cambalida, 4 percent; 
Julida, 20 percent. The remaining 20 percent of the epigean species 
are divided among six orders. 

Troglobitic millipeds occur in wet caves as far back as there is any 
organic matter. There is one report of a collection of Scoterpes copei 
three or four miles from the entrance of Mammoth Cave (Cope, 
1871). They feed on anything organic, as wood, guano, rat pellets, 
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tree roots, or paper. Many caves have no millipeds. Dr. T. C. Barr, 
Jr., who visited more than 700 caves in the Tennessee part of the 
Cumberland Plateau from 1954 through 1957, found millipeds in 
about 10 percent of them. Of the Tennessee caves with millipeds, 
about 90 percent have only one species, and only one cave, Cumber- 
land Caverns, Warren County, has as many as four species. This is in 
an area where epigean conditions are very favorable for millipeds. 

Isolated caves tend to be occupied either by monotypic genera or 
by relics of widely distributed genera that also have epigean species. 
In areas where caves are numerous and close together, endemism is 
great, but sometimes no greater than among epigean groups in which 
explosive evolution has occurred. Endemism is greatest in the caves 
of the Nashville Basin, where caves within sight of each other may 
each have a population of Pseudotremia different from that of any 
other cave. This is the most successful cave genus in number of taxa, 
number of individuals, number of caves occupied, and extent of the 
cave area occupied. The rare epigean members of this genus occupy 
a small range that is within the range of the troglobitic members. 

Nothing is known about method of distribution of troglobitic 
millipeds. The pattern of distribution of one species may follow an 
existing stream course, and in another species in the same genus, it 
may cut directly across both stream courses and mountains. The map 
showing the distribution of the four species of the completely troglo- 
bitic genus Zygonopus (Causey, 1960a, Fig. 1) suggests that some 
factor other than existing streams has determined the distribution. 
The most unusual pattern of distribution is exhibited by the completely 
troglobitic genus Scoterpes, of which 27 taxa are now known. One 
group of them occupies caves in the Nashville Basin, and another and 
more primitive group occurs in caves on the margin of the range 
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Fig. 1. The distribution of troglobitic millipeds in the United States. 
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in Missouri, Kentucky, the Great Basin of eastern Tennessee, and 
northern Alabama and Georgia. 

The distribution of troglobitic millipeds in the United States, as 
shown in Figure 1, is incomplete, for many caves still have not been 
explored for them. The states in which they occur are listed here. 
For the states west of the Mississippi River, all known species, both 
described and undescribed, are mentioned, but for the eastern states 
where there is so much endemism, the names of many species have 
been omitted. Additional names of species in the eastern states can 
be found in the “Checklist” (Chamberlin and Hoffman, 1958) and 
in other references at the end of this paper. 


Oregon.—Troglobites have been reported, but they have not been seen 
by a taxonomist. 

California.—Speostriaria shastae (Causey), Samwel Cave, Shasta Co.; 
Striaria eldora Chamberlin, Eldorado Co. and Calaveras Co. (this may be a 
troglophile) ; conotylids from Shasta Co., Lassen Co., and Siskiyou Co.; poly- 
desmids from Mendocino Co., Napa Co., and Santa Cruz Co. Several species 
(Chamberlin 1953a, 1953b) that have been described from collections from 
California caves probably are epigean. 

Nevada.—Tidesmus hubbsi Chamberlin, a cave deep in Cave Valley, Lin- 
coln Co.; a conotylid from White Pine Co. 

Utah.—Brachydesmus cavicola (Packard), Clinton’s Cave, Tooele Co. 

New Mexico.—Speorthus tuganbius Chamberlin and another small polydes- 
mid, Carlsbad Caverns, Eddy Co. 

T exas.—S peodesmus echinourus Loomis, several caves in Hays Co., Kendall 
Co., and Kerr Co.; Speodesmus bicornourus Causey, Beck’s Ranch Cave, Wil- 
liamson Co.; Eclomus specobius Chamberlin, Wyatt Cave, Sutton Co.; Cambala 
caeca Loomis, caves in Sutton Co.; Cambala captiosa Causey, caves in William- 
son Co. and Bexar Co.; Cambala sp., Val Verde Co.; a small, eyeless cambalid 
from Wheeler Co. It is doubtful that all three of the cambalids described 
from the southwestern counties are full species. 

Missouri.—Tingupa pallida Loomis and Tingupa sp. from the following 
counties: Benton, Boone, Camden, Crawford, Franklin, Maries, Marion, Miller, 
Jefferson, Phelps, Pulaski, Ripley, Texas, and Wayne; Scoterpes dendropus 
Loomis, Stone Co. and Barry Co., also reported from Jefferson Co. and Frank- 
lin Co.; Zosteractis interminata Loomis, St. Louis Co., Ste. Genevieve Co.; 
Conotyla specus Loomis is a troglophile. 

Illinois —Tingupa pallida Loomis, reported from western counties. 

Indiana.—Conotyla bollmani (McNeil) from the following counties: Law- 
rence, Orange, Monroe, and Washington; Pseudotremia indianae Chamberlin 
and Hoffman, Crawford Co.; Scytonotus cavernarum Bollman, Mayfield’s Cave, 
Monroe Co. 

Ohio.—Pseudotremia sp., Adams Co. 

Pennsylvania.—Conotyla vaga Loomis from the following counties: Berks, 
Dauphin, Mifflin, and Blair. 

Maryland.—Conotyla vaga Loomis, Washington Co. 

Virginia.—Pseudotremia cavernarum Cope, Erhart’s Cave, Montgomery 
Co.; Pseudotremia spp., western counties; Zygonopuswhitei Ryder, Page Co. and 
Shenandoah Co.; two other species of Zygonopus, western counties. 

West Virginia.—Pseudotremia spp., eastern and southern counties; Dearolfia 
lusciosa Loomis, Pendleton Co.; Zygonopus whitei Ryder, Pendleton Co.; three 
other species of Zygonopus, eastern counties. 
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Kentucky.—Pseudotremia spp., eastern and middle counties; one species of 
Zygonopus, Estill:Co.; Scoterpes copei copei (Packard) from the following 
counties; Adair, Barren, Edmondson, and Hart; Scoterpes spp., southern coun- 
ties; Antriadesmus fragilis Loomis, Edmondson Co., is a troglophile. 

T ennessee.—Pseudotremia spp., eastern and middle counties; Scoterpes spp., 
eastern and middle counties; Tetracion tennesseensis Causey, Warren Co., 
White Co., and Grundy Co.; Tetracion jonesi antraeum Hoffman, Franklin Co. ; 
Antriadesmus mollis Causey, Warren Co.; Antriadesmus debilis Causey, Wayne 
Co.; two other small polydesmids, Jackson Co. and Morgan Co.; Ameractis 
satis Causey, from the following counties: Cumberland, Hamilton, Overton, 
Putnam, and White. 

Georgia.—Pseudotremia spp., northwestern counties; Scoterpes spp., north- 
western counties. 

Alabama.—Pseudotremia spp., northeastern counties; Scoterpes spp., north- 
eastern counties; Tetracion jonesi jonesi Hoffman, Marshall Co.; Tetracion 
jonesit antraeum Hoffman, Jackson Co. and Madison Co.; Troglocambala 
loomisi Hoffman, Jackson Co. and Madison Co.; Troglocambala loomisi Hoff- 
man, Turk’s Cave, Conecuh Co.; a small polydesmid, northeastern counties. 
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Checklist of Macroscopic Troglobitic Organisms 
of the United States 
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The first attempt at a systematic classification of cavernicolous 
organisms was made by Schidote (1851). He grouped cavernicoles 
into Skyyge-Dyr (shade animals), Tusworke-Dyr (twilight animals) , 
Hule-Dyr (cave animals) and Drypsteenhule-Dyr (stalactite animals) . 
In the first class were placed those organisms having a preference for 
a cool, moist habitat and which were occasionally found at cave en- 
trances. The second class consisted of organisms that periodically 
penetrated into the dark recesses of the cave. The third class was 
composed of organisms that lived their whole life in total darkness; 
the terrestrial forms were blind, while the aquatic forms had organs of 
sight. Finally, in the fourth class were blind, wingless, nonpigmented 
forms. 

Schiner (1854) modified this classification and first proposed the 
three categories which are the basis for cavernicolous classification 
today. The first, trogloxenes, includes all organisms which may be 
found occasionally in caves. They do not complete their life cycles 
in total darkness. The trogloxenes are predominantly an epigean 
fauna although some hypogean arthropods are included in this group. 
In the second category are the troglophiles, organisms that spend part 
or most of their life cycle in caves. Some of these are adapted for a 
hypogean existence and thus readily survive in the cave habitat. A 
majority of troglophiles are facultative cavernicoles while all the mem- 
bers of the third group, the troglobites, are obligative cavernicoles. 
These are blind or have nonfunctional optic organs, manifest little 
pigmentation and have developed highly sensitive tactile organs. 

In 1896, Hamann, utilizing Schiner’s categories, classified all the 
known European cavernicoles and listed 382 troglobitic species, al- 
though many were subsequently regrouped as troglophiles or troglox- 
enes. His list included one vertebrate (Proteus anguinus), 16 gastro- 
pods, 229 insects (including 196 Coleoptera), 14 myriapods, 5 chilo- 
pods, 83 arachnids, 10 crustaceans and 24 other species in other 
orders. Although numerous papers on cavernicoles were published 
during the next thirty-five years by such eminent investigators as 
Chappuis, Cope, Jeannel, Martel, Packard, Racovitza and Spandl, it 
was not until the appearance of the classic Animalium Cavernarum 
Catalogus (Wolf, 1934-1938) that any attempt was made to present 
a checklist of cavernicolous organisms of the world. This work in- 
cludes trogloxenes, troglophiles and troglobites. 

No previous attempt has been made to publish a checklist of 
troglobitic organisms of the United States, although checklists of a 
few families and of several limited geographical areas are available. 
Dearolf (1937, 1941, 1953, 1956) has compiled lists of the inverte- 
brate and vertebrate fauna found in North American caves, but these 
do not contain information on ranges nor are they necessarily com- 
plete. Individual state lists are too numerous to mention but none 
of these are limited to troglobites. 
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Troglobitic Tricladida have been described by Hyman (1937, 
1945, 1954, 1956). Gates (1959) reviewed the earthworms of North 
America but did not include these organisms in any specific category. 
It would be difficult to determine the degree of adaptation of earth- 
worms to the cave habitat. Hubricht (1941) and Smith (1957) have 
compiled lists of cavernicolous molluscans. The troglobitic forms 
are confined to the eastern and southeastern United States. Hubricht 
(1943) has also published a list of cavernicolous Amphipoda of the 
eastern United States. The cavernicolous Isopoda are to be found 
in the synopses of Van Name (1936, 1940, 1943) with additional 
species listed by Eberly (1954). The crayfish inhabiting caves are in 
need of a thorough study as many of the papers published since the 
authoritative work of Hobbs (1942) are at variance concerning range 
and nomenclature. Hubbell’s monograph (1936) remains the stand- 
ard work dealing with cavernicolous Orthoptera. A large number of 
papers have been published dealing with the classification of cav- 
ernicolous Coleoptera. The most récent significant papers dealing 
with the Carabidae are those of Jeannel (1949), Valentine (1942, 
1952), Krekeler (1958) and Barr (1959, 1960). Park (1947, 1951, 
1953, 1958) has discussed the classification of the Pselaphidae. Cav- 
ernicolous Diplopoda are listed in the general checklist of Chamberlin 
and Hoffman (1958) with additional species recorded by Causey 
(1959a, 1959b). The Amblyopsidae have been reviewed by Woods 
and Inger (1957). The nomenclature of cave-dwelling Plethodon- 
tidae is that of Schmidt (1953). Cavernicolous Chiroptera, all of 
which are trogloxenes, are treated in the recent work of Hall and 
Kelson (1959). 


All species listed in this checklist are obligative cavernicoles. Hence, 
such common facultative forms as Eurycea lucifuga, Plethodon glu- 
tinosus, Ceuthophilus stygius, Hadenoecus subterraneus and Meta men- 
ardi are omitted. In the case of such naturally occurring hypogean 
taxa, it is difficult to determine whether the occurrence is obligative 
or facultative. Authenticated records of cavernicolous organisms, 
observed for the greater portion of their life cycle away from the cave 
(barring accidental or forced migration), have resulted in their ex- 
clusion from this list. 


In the matter of distribution, the paucity of troglobites from cer- 
tain limestone areas not subject to glaciation or flooding in the Pleisto- 
cene is indicative more of a lack of thorough collecting than an absence 
of life in the caves of these areas. Recent intensive collecting by 
T. C. Barr, Jr. and C. H. Krekeler through the Ohio and Mississippi 
valleys has disclosed many well-known caves with hitherto unknown 
troglobitic species. Another important factor limiting our knowledge 
of both the number of species and their ranges is lack of published 
data. The author knows of two species of troglobitic salamanders 
and at least eight species of Phalangida that have yet to be described. 
Many collections of cave material preserved in several of our larger 
museums have yet to be examined. The ranges listed are based on 
published records or amendations from personal observations of many 
investigators. It is hoped that presentation of the species and ranges 
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as now known will encourage those with additional observations to 
publish their data. 

While some taxa remain undescribed, the status of others is du- 
bious, especially with regard to synonomy. The Astacidae and Ple- 
thodontidae are particularly in need of further analysis. Confusion 
still exists on taxonomic differences between two genera of Asellidae, 
Asellus and Caecidotea (Chappuis, 1927; Miller, 1933). Use of the 
latter in this checklist is in keeping with the usage of more recent 
authors (Collinge, 1944; Mackin and Hubricht, 1940; and Levi, 1949). 

Many have aided in the verification of the information listed. To 
name all who contributed to the compilation of this publication 
would necessitate several long paragraphs. Particular appreciation is 
expressed to the following for their assistance with the taxa noted: 
Dr. Thomas C. Barr, Jr., Catopidae, Campodeidae and Carabidae; 
Dr. Orlando Park, Pselaphidae; Dr. Kenneth Christiansen, Collem- 
bola; Dr. Libbie H. Hyman, Turbellaria; Dr. Clarence J. Goodnight, 
Phalangida; Dr. Willis J. Gertsch, Araneae; Dr. Nell Causey, Diplo- 
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PLATYHELMINTHES 
TURBELLARIA 
TRICLADIDA 
Dendrocoelidae 
Macrocotlya glandulosa Hyman 
Macrocotyla glandulosa Hyman, 1956. Am. Mus. Novitates, no. 1808:9. 
Type locality—-Unnamed cave, Rock Bridge, 5 miles south of Columbia, 
Boone Co., Missouri. 
Range.—Known only from type locality. 
Sorocelis americana Hyman 
Sorocelis americana Hyman, 1939. Proc. U. 8. Nat. Mus., 86:422. 
Type locality—Bat Cave, Adair Co., Oklahoma. 
Range.—Caves of Oklahoma and Arkansas. 
Kenkiidae 
Kenkia rhynchida Hyman 
Kenkia rhynchida Hyman, 1937. Trans. Am. Microscop. Soc., 56: 456. 
Type locality—Malheur Cave, 15 miles west-by-north from Folly Farm, 
Harney Co., Oregon. 
Range.—Known only from type locality. 
Speophila buchanani Hyman 
Speophila buchanani Hyman, 1937. Trans. Am. Microscop. Soc., 56:468. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 
Speophila hoffmasteri Hyman 
Speophila hoffmasteri Hyman, 1954. Proc. U. S. Nat. Mus., 103:570. 
Type locality—Blowing Cave, Pendleton Co., West Virginia. 
Range.—Type locality and Mystic Cave, Pendleton Co., West Virginia. 
Speophila hubrichti Hyman 
Speophila hubrichti Hyman, 1945. Am. Midl. Nat., 34:479. 
Type locality—Morrison’s Cave, 2 miles south of Burksville, Monroe Co., 
Illinois. 
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Range.—Caves of Illinois and Missouri. 
Speophila pricei Hyman 
Speophila pricei Hyman, 1937. Trans. Am. Microscop. Soc., 56:462. 
Type locality—Refton Cave, 1 mile northwest of Refton, Lancaster Co., 
Pennsylvania. 
Range.—Caves of Pennsylvania. 
Sphalloplana alabamensis Hyman 
Sphalloplana alabamensis Hyman, 1956. Am. Midl. Nat., 34:476. 
Type locality——Sauta Cave, Lim Rock, Jackson Co., Alabama. 
Range.—Type locality; Meredith Cave, Campbell Co.; Harve Petty Cave, 
Putnam Co.; Creeping Cave, Van Buren Co., Tennessee. 
Sphalloplana georgiana Hyman 
Sphalloplana georgiana Hyman, 1954. Proc. U. S. Nat. Mus., 103: 566. 
Type locality—Waterfall Cave, Trenton, Walker Co., Georgia. 
Range.—Known only from type locality. 
Sphalloplana mohri Hyman 
Sphalloplana mohri Hyman, 1939. Trans. Am. Microscop. Soc., 58:277. 
Type locality.—Ezell’s Cave, San Marcos, Hays, Co., Texas. 
Range.—Caves of Texas, Oklahoma, Arkansas and Missouri. 
Sphalloplana kansensis Hyman 
Sphalloplana kansensis Hyman, 1945. Am. Midl. Nat., 34:478. 
Type locality—Purity Springs, near Augusta, Butte Co., Kansas. 
Range.—Known only from type locality. 
Sphalloplana percoeca (Packard) 
Dendrocoelum percoeca Packard, 1880. Zoology for High Schools and 
Colleges: 142. 
Sphalloplana percoeca (Packard) de Beauchamp, 1931. Arch. Zool. exp. 
Gen., 71:323. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Edmonson and Hart Cos., Kentucky. 
Sphalloplana virginiana Hyman 
Sphalloplana virginiana Hyman, 1945. Am. Midl. Nat., 34:477. 
Type locality—Showhalter’s Cave, near Lexington, Rockbridge Co., Vir- 
ginia. 
Range.—Known only from type locality. 
Planariidae 
Phagocata cavernicola Hyman 
Phagocata cavernicola Hyman, 1954. Proc. U. S. Nat. Mus., 103:563. 
Type locality.—Evac Cave, near Hillside, Westmoreland Co., Pennsylvania. 
Range.—Type locality and possibly Conoduginet Cave, Cumberland Co., 
Pennsylvania. 
Phagocata subterranea Hyman 
Phagocata subterranea Hyman, 1937. Trans. Am. Microscop. Soc., 56:474. 
Type locality—Donaldson’s Cave, 4 miles east of Mitchell, Lawrence Co., 
Indiana. 
Range.—Caves of Lawrence and Monroe Cos., Indiana. 


ARTHROPODA 
CRUSTACEA 
AMPHIPODA 


Gammaridae 
Allocrangonyx pellucidus (Mackin) 
Niphargus pellucidus Mackin, 1935. Trans. Am. Microscop. Soc., 54:42. 
Allocrangonyx pellucidus (Mackin) Schellenberg, 1936. Mitt. Zool. Mus. 
Berlin, 22(1) :33. 
Type locality—Bird’s Mill Spring, southern Pontotoc Co., Oklahoma. 
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Range.—Type locality; Phelps and Pulaski Cos., Missouri; and Murray 
Co., Oklahoma. 
Apocrangonyx lucifugus (O. P. Hay) 
Crangonyx lucifugus O. P. Hay, 1882. Am. Nat., 16:144. 
Apocrangonyx lucifugus (O. P. Hay) Stebbing, 1899. Trans. Linn. Soc. 
London, II, 7:422. 
Type locality—Well in Abingdon, Knox Co., Illinois. 
Range.—Known only from type locality. 
Apocrangonyx subtilis Hubricht 
Apocrangonyx subtilis Hubricht, 1943. Am. Midl. Nat., 29:711. 
Type locality—Small seep near Bat Cave, 5 miles southwest of Pomona, 
Jackson Co., Illinois. 
Range.—Jackson, Jersey and Union Cos., Illinois. 
Bactrurus brachycaudus Hubricht and Mackin 
Bactrurus brachycaudus Hubricht and Mackin, 1940. Am. Midl. Nat., 
23:201. 
Type locality—A walled spring, Keifer Creek, 0.6 mile northwest of Fern 
Glen, St. Louis Co., Missouri. 
Range.—Illinois and Missouri. 
Bactrurus hubrichti Shoemaker 
Bactrurus hubrichti Shoemaker, 1945. J. Wash. Acad. Sci., 35:27. 
Type locality—A well, Topeka, Shawnee Co., Kansas. 
Range.—Eastern Kansas and Oklahoma. 
Bactrurus mucronatus (Forbes) 
Crangonyx mucronatus Forbes, 1876. Bull. Ill. State Lab. Nat. Hist., 1:6. 
Bactrurus mucronatus (Forbes) W. P. Hay, 1902. Proc. U. S. Nat. Mus., 
25:429. 
Type locality—Normal, McLean Co., Illinois. 
Range.—Iowa, Missouri, Illinois, Indiana and Ohio. 
Crangonyx antennatus Packard 
Crangonyx antennatus Packard, 1881. Am. Nat., 15:880. 
Type locality—Nickajack Cave, Shellmound, Marion Co., Tennessee. 
Range.—Virginia, Tennessee and Alabama. 
Crangonyx dearolfi Shoemaker 
Crangonyx dearolfi Shoemaker, 1942. Smithsonian Misc. Coll., 101: 20. 
Type locality—Hobo Cave, Wernersville, Berks Co., Pennsylvania. 
Range.—Known only from type locality. 
Crangonyx forbesi (Hubricht and Mackin) 
Eucrangonyx forbesi Hubricht and Mackin, 1940. Am. Midl. Nat., 23: 196. 
Crangonyx forbesi (Hubricht and Mackin) Hubricht, 1943. Am. Midl. 
Nat., 29:689. 
Type locality—A spring, Osage Golf Course, Kirkwood, St. Louis Co., 
Missouri. 
Range.—Illinois, Missouri, Arkansas and Oklahoma. 
Crangonyx gracilis packardi Smith 
Crangonyx packardi Smith, 1888. Mem. Nat. Acad. Sci., 4:35. 
Eucrangonyx packardi (Smith) Stebbing, 1899. Trans. Linn. Soc. London, 
II, 7:423. 
Crangonyx gracilis packardi Smith, Hubricht, 1943. Am. Midl. Nat., 
29:691. 
Type locality—Shiloh Cave, 2 miles east of Fayetteville, Lawrence Co., 
Indiana. 
Range.—Indiana, Kentucky and Kansas. 
Crangonyx hobbsi Shoemaker 
Crangonyx hobbsi Shoemaker, 1941. Charleston Mus. Leaflet no. 16:9. 
Type locality—A well, 50 feet deep, 1.5 miles northeast of Chiefland, 
Levy Co., Florida. 
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Range.—Known only from type locality. 
Crangonyx obliquus (Hubricht and Mackin) 
Eucrangonyx obliquus Hubricht and Mackin, 1940. Am. Midl. Nat., 
23:195. 
Crangonyx obliquus (Hubricht and Mackin) Hubricht, 1943. Am. Midl. 
Nat., 29:689. 
Type locality—Small creek west of the college chapel, Clarksville, John- 
son Co., Arkansas. 
Range.—Eastern United States and southern Canada. 
Gammarus acherondytes Hubricht and Mackin 
Gammarus acherondytes Hubricht and Mackin, 1940. Am. Midl. Nat., 
23: 192. 
Type locality—Morrison’s Cave, 2 miles south of Burksville, Monroe Co., 
Illinois. 
Range.—Caves in Monroe Co., Illinois. 
Gammarus minus Say 
Gammarus minus Say, 1818. J. Acad. Nat. Sci. Phila., 1:373. 
Type locality—A spring, 1 mile west of Exton, Chester Co., Pennsylvania. 
Range.—Pennsylvania, West Virginia, Virginia, Indiana, Kentucky, Ten- 
nessee, Alabama, Arkansas and Oklahoma. 
Gammarus pseudolimnaeus Bousfield 
Gammarus pseudolimnaeus Bousfield, 1958. Can. Field Nat., 72:74. 
Type locality—Rideau River, below Hog’s Back, Ottawa, Ontario, 
Canada. 
Range.—St. Lawrence River drainage and upper Mississippi River drain- 
age as far south as northern Arkansas. 
Gammarus troglophilus Hubricht and Mackin 
Gammarus troglophilus Hubricht and Mackin, 1940. Am. Midl. Nat., 
23:189. 
Type locality——Morrison’s Cave, 2 miles south of Burksville, Monroe Co., 
Illinois. 
Range.—Caves and springs of Illinois and Missouri. 
Stygobromus exilis Hubricht 
Crangonyx vitreus (Cope) Holmes, 1909. Trans. Wisc. Acad. Sci., 16:78. 
Stygobromus exilis Hubricht, 1943. Am. Midl. Nat., 29:697. 
Type locality—-Mammoth Onyx Cave, Hart Co., Kentucky. 
Range.—Hart and Edmonson Cos., Kentucky; Blount and Hamilton Cos., 
Tennessee; Bibb Co., Alabama. 
Stygobromus heteropodus Hubricht 
Stygobromus heteropodus Hubricht, 1943. Am. Midl. Nat., 29:701. 
Type locality—Pickle Springs, head of Pickle Creek, Genevieve Co., 
Missouri. 
Range.—Known only from type locality. 
Stygobromus hubbsi Shoemaker 
Stygobromus hubbsi Shoemaker, 1942. Occ. Pap. Mus. Zool., Univ. Mich., 
no. 466: 1. 
Type locality—Malheur Cave, Harney Co., Oregon. 
Range.—Known only from type locality. 
Stygobromus iowae Hubricht 
Stygobromus iowae Hubricht, 1943. Am. Midl. Nat., 29:703. 
Type locality—A spring, 0.7 miles north of Fayette, Fayette Co., Iowa. 
Range.—Known only from type locality. 
Stygobromus mackini Hubricht 
Stygobromus mackini Hubricht, 1943. Am. Midl. Nat., 29:695. 


Type locality.—Sikes Cave, 4.5 miles north of Lebanon, Russell Co., Vir- 
ginia. 
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Range.—Type locality; Chimney Cave, Tazewell Co., Virginia, and Indian 
Cave, Grainger Co., Tennessee. 
Stygobromus onondagaensis (Hubricht and Mackin) 
Crangonyx onondagaensis Hubricht and Mackin, 1940. Am. Midl. Nat., 
23: 202. 
Stygobromus onondagaensis (Hubricht and Mackin) Hubricht, 1943. Am. 
Midl. Nat., 29:699. 
Type locality—Onondaga Cave, 5 miles southeast of Leasburg, Crawford 
Co., Missouri. 
Range.—Missouri and Kansas. 
Stygobromus putealis (Holmes) 
Crangonyx putealis Holmes, 1908. Trans. Wisc. Acad. Sci., 16:77. 
Stygobromus putealis (Holmes) Schellenberg, 1936. Mitt. Zool. Mus. 
Berlin, 22:37. 
Type locality—Well, Rosendale, Fond du Lac Co., Wisconsin. 
Range.—Fond du Lac Co., Wisconsin. 
Stygobromus smithi Hubricht 
Stygobromus smithi Hubricht, 1943. Am. Midl. Nat., 29:703. 
Type locality—A well, Woodstock, Bibb Co., Alabama. 
Range.—Bibb and Tuscaloosa Cos., Alabama. 
Stygobromus spinosus (Hubricht and Mackin) 
Crangonyx spinosus Hubricht and Mackin, 1940. Am. Midl. Nat., 23:203. 
Stygobromus spinosus (Hubricht and Mackin) Hubricht, 1943. Am. Midl. 
Nat., 29:697. 
Type locality——A spring near Hawksbill Mountain, Skyline Drive, Shenan- 
doah National Park, Madison Co., Virginia. 
Range.—Type locality and Luray Caverns, Page Co., Virginia. 
Stygobromus vitreus Cope 
Stygobromus vitreus Cope, 1872. Am. Nat., 6:422. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Kentucky, Alabama and Tennessee. 
Stygonectes balconis Hubricht 
Stygonectes balconis Hubricht, 1943. Am. Midl. Nat., 29: 707. 
Type locality—Boyett’s Cave, 14 miles northwest of San Marcos, Hays 
Co., Texas. 
Range.—Type locality and Cave-Without-A-Name, 11 miles NE. of Boerne, 
Kendall Co., Texas. 
Stygonectes flagellatus (Benedict) 
Crangonyx flagellatus Benedict, 1896. Proc. U. S. Nat. Mus., 18:616. 
Stygonectes flagellatus (Benedict) Hay, 1902. Proc. U. S. Nat. Mus., 
25:429. 
Type locality.—Artesian well, San Marcos, Hays Co., Texas. 
Range.—Hays Co., Texas. 
Synpleonia alabamensis (Stout) 
Crangonyx alabamensis Stout, 1911. Pomona Coll. J. Entomol., 3:569. 
Synpleonia alabamensis (Stout) Schellenberg, 1936. Mitt. Zool. Mus. 
Berlin, 22:40. 
Type locality—A well, 1 mile east of post office, Auburn, Lee Co., 
Alabama. 
Range.—Known only from type locality. 
Synpleonia americana (Mackin) 
Boruta americana Mackin, 1935. Trans. Am. Microscop. Soc., 54:46. 
Synpleonia americana (Mackin) Schellenberg, 1936. Mitt. Zool. Mus. 
Berlin, 22:40. 
Type locality—Crevices in San Bois Mountains near Wilburton, Latimer 
Co., Oklahoma. 
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Range.—Missouri, Arkansas and Oklahoma. 
Synpleonia clantoni Creaser 


Synpleonia clantoni Creaser, 1934. Occ. Pap. Mus. Zool., Univ. Mich., 
no. 282:2. 


Type locality.—A well, 4 miles southeast of Ottawa, Franklin Co., Kansas. 
Range.—Missouri, Kansas, Arkansas and Oklahoma. 
Synpleonia emarginata Hubricht 
Synpleonia emarginata Hubricht, 1943. Am. Midl. Nat., 29:707. 
Type locality—-Organ Cave, Greenbrier Co., West Virginia. 
Range.—Type locality and Hayes Cave, Greenbrier Co., West Virginia. 
Synpleonia hayi Hubricht and Mackin. 
Synpleonia hayi Hubricht and Mackin, 1940. Am. Midl. Nat., 23:205. 
Type locality—A spring, south end of National Zoological Park, Wash- 
ington, D. C. 
Range.—Type locality and caves of Fayette and Centre Cos., Pennsylvania. 
Synpleonia pizzinii Shoemaker 
Synpleonia pizzinni Shoemaker, 1938. Proc. Biol. Soc. Wash., 51:137. 
Type locality—Wetzel’s Spring, Grover Archbold Park, just west of 
Georgetown, D. C. 
Range.—District of Columbia, Fairfax Co., Virginia and southern Penn- 
sylvania. 
Synpleonia tenuis (S. I. Smith) 
Crangonyx tenuis S. I. Smith, 1874. Rept. U. S. Fish Comm., 1872-3, 
2:656. 
Synpleonia tenuis (S. I. Smith) Shoemaker, 1938. Proc. Biol. Soc. Wash., 
51:140. 


Type locality.—Wells in Middletown, Middlesex Co., Connecticut. 
Range.—New York, Connecticut south to Virginia. 


ISOPODA 
Asellidae 


Asellus adenta Mackin and Hubricht 
Asellus adenta Mackin and Hubricht, 1940, Trans. Am. Microscop. Soc., 
50: 396. 
Type locality—Cave located 15 miles south of Mountain View, Kiowa 
Co., Oklahoma. 
Range.—Known only from type locality. 
Asellus brevicauda Forbes 
Asellus brevicauda Forbes, 1876. Bull. Ill. Mus. Nat. Hist., no. 1:8. 
Type locality—Southern Illinois. 
Range.—Southern Illinois, Missouri, Tennessee and Arkansas. 
Asellus californicus Miller 
Asellus californicus Miller, 1933. Univ. Calif. Publ. Zool., 39:97. 
Type locality——A well near Kelseyville, Lake Co., California. 
Range.—Known only from type locality. 
Caecidotea acuticarpa Mackin and Hubricht 


Caecidotea acuticarpa Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59:394. 


Type locality—Byrd’s Mill Spring, Pontotoc Co., Oklahoma. 
Range.—Springs, wells and caves in the Arbuckle Uplift in Pontotoc, 
Johnson, Murray and Seminole Cos., Oklahoma. 
Caecidotea alabamensis Stafford 
Caecidotea alabamensis Stafford, 1911. Pomona Coll. J. Entomol., 3:572. 
Type locality—A well in Auburn, Lee Co., Alabama. 
Range.—Known only from type locality. 
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Caecidotea antricola Creaser 
Caecidotea antricola Creaser, 1931. Occ. Pap. Mus. Zool., Univ. Mich., 
222:1. 
Type locality—River Cave, Hahatonka, Camden Co., Missouri. 
Range.—Type locality and St. Louis Co., Missouri. 
Caecidotea conestogensis Levi 
Caecidotea conestogensis Levi, 1949. Notulae Nat., no. 220:3. 
Type locality—-Hammer Creek, 2 miles from Buffalo Springs, Lebanon 
Co., Pennsylvania. 
Range.—Known only from type locality. 
Caecidotea dimorpha Mackin and Hubricht 
Caecidotea dimorpha Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59:385. 
Type locality—Seep, 0.5 mile south of Greenville, Wayne Co., Missouri. 
Range.—Type locality and small spring, 1.5 miles SW. of Olyphant, 
Jackson Co., Arkansas. 
Caecidotea hobbsi (Maloney) 
Asellus hobbsi Maloney, 1939. Proc. U. S. Nat. Mus., 96:457. 
Caecidotea hobbsi (Maloney) Van Name, 1943. Bull. Am. Mus. Nat. 
Hist., 80:321. 
Type locality——Dudley Cave, Gainesville, Alachua Co., Florida. 
Range.—Type locality and Calhoun Co., Florida. 
Caecidotea macropropoda Chase and Blair 
Caecidotea macropropoda Chase and Blair, 1937. Am. Midl. Nat., 18:221. 
Type locality—Small streams in unnamed cave, 5 miles south of Kansas, 
Delaware Co., Oklahoma. 
Range.—Known only from type locality. 
Caecidotea nickajackenis Packard 
Caecidotea nickajackensis Packard, 1881. Am. Nat., 15:879. 
Type locality.—Nickajack Cave, Shellmound, Marion Co., Tennessee. 
Range.—Type locality and Metcalf, Thomas Co., Georgia. 
Caecidotea oculata Mackin and Hubricht 
Caecidotea oculata Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59:395. 
Type locality—Springs in Rich Mountain, Rich Mountain Station, Polk 
Co., Arkansas. 
Range.—Ouachita Mountain Uplift in Polk Co., Arkansas; Latimer and 
Leflore Cos., Oklahoma. 
Caecidotea ozarkana Chase and Blair 
Caecidotea ozarkana Chase and Blair, 1937. Am. Midl. Nat., 18:221. 
Type locality——Spring, 5 miles south of Kansas, Delaware Co., Oklahoma. 
Range.—Known only from type locality. 
Caecidotea packardi Mackin and Hubricht 
Caecidotea packardi Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59: 388. 
Type locality——Morrison’s Cave, 2 miles south of Burksville, Monroe Co., 
Illinois. 
Range.—Type locality and caves of St. Clair Co., Illinois. 
Caecidotea pricei Levi 
Caecidotea pricei Levi, 1949. Notulae Nat., no. 220:2. 
Type locality—Refton Cave, Lancaster Co., Pennsylvania. 
Range.—Known only from type locality. 
Caecidotea richardsonae Hay 
Caecidotea richardsonae Hay, 1901. Proc. Biol. Soc. Wash., 14:180. 
Type locality—Nickajack Cave, Shellmound, Marion Co., Tennessee. 
Range.—Known only from type locality. 
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Caecidotea smithii Ulrich 
Caecidotea smithii Ulrich, 1902. Trans. Am. Microscop. Soc., 23:93. 
Type locality—Subterranean stream near San Marcos, Hays Co., Texas. 
Range.—Known only from type locality. 
Caecidotea spatulata Mackin and Hubricht 
Caecidotea spatulata Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59: 392. 
Type locality—Swales, 1 mile south of Falling Spring, St. Clair Co., 
Illinois. 
Range.—Type locality; St. Louis and Boone Cos., Missouri. 
Caecidotea stiladactyla Mackin and Hubricht 
C>~<idotea stiladactyla Mackin and Hubricht, 1940. Trans. Am. Microscop. 
Soc., 59: 386. 
Type locality.—Spring, 3.5 miles south of Jasper, Newton Co., Arkansas. 
Range.—Newton and Boone Cos., Arkansas. 
Caecidotea stygia Packard 
Caecidotea stygia Packard, 1871. Am. Nat., 5:752. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Kentucky, Indiana, Illinois, Pennsylvania and Virginia. 
Cirolanidae 
Cirolanides texensis Benedict 
Cirolanides texensis Benedict, 1896. Proc. U. S. Nat. Mus., 18:616. 
Type locality—Artesian well at San Marcos, Hays Co., Texas. 
Range.—Known only from type locality. 
Ligiidae 
Ligidium kofoidi Maloney 
Ligidium koifoidi Maloney, 1930. Univ. Calif. Publ. Zool., 23:291. 
Type locality—Potter Creek Cave, Shasta Co., California. 
Range.—Known only from type locality. 
Trichoniscidae 
Amerigoniscus henroti Vandel 
Amerigoniscus henroti Vandel, 1950. Arch. Zool. exp. Gen., 87:191. 
Type locality.—Gillie’s Cave, Lee Co., Virginia. 
Range.—Known only from type locality. 
Brackenridgia cavernarum Ulrich 
Brackenridgia cavernarum Ulrich, 1902. Trans. Am. Microscop. Soc., 
23:90. 
Type locality—Ezell’s Cave, near San Marcos, Hays Co., Texas. 
Range.—Caves of Hays Co., Texas, and Bat Cave, Eddy Co., New Mexico. 
Miktoniscus racovitzai Vandel 
Miktoniscus racovitzai Vandel, 1950. Arch. Zool. exp. Gen., 87: 192. 
Type locality —Luray Caverns, Luray, Page Co., Virginia. 
Range.—Known only from type locality. 


DECAPODA 
Astacidae 
Cambarus cahni Rhoades 
Cambarus cahni Rhoades, 1941. Proc. U. S. Nat. Mus., 91:146. 
Type locality——Belgreen Cave, Franklin Co., Alabama. 
Range.—Known only from type locality. 
Cambarus cryptodytes Hobbs 
Cambarus cryptodytes Hobbs, 1941. Am. Midl. Nat., 26: 110. 
Type locality.—A well, 2 miles south of Graceville, Jackson Co., Florida. 


Range.—Known only from type locality. 
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Cambarus hamulatus (Cope and Packard) 
Orconectes hamulatus Cope and Packard, 1881. Am. Nat., 15:881. 
Cambarus hamulatus (Cope and Packard) Faxon, 1884. Proc. Am. Acad. 
Arts and Sci., 20:145. 
Type locality—Nickajack Cave, Shellmound, Marion Co., Tennessee. 
Range.—Caves of Marion and Franklin Cos., Tennessee. 
Cambarus hubrichti Hobbs 
Cambarus hubrichti Hobbs, 1952. Am. Midl. Nat., 48:690. 
Type locality—Lewis Cave, 15 miles northwest of Doniphan, Ripley Co., 
Missouri. 
Range.—Type locality; Dewey Minick Cave, Oregon Co.; Midco Cave, 
Carter Co., Missouri. 
Cambarus jonesi Hobbs and Barr 
Cambarus jonesi Hobbs and Barr, 1960. Am. Midl. Nat., 64:19. 
Type locality—Cave Spring Cave, 12.1 miles northwest of Valhermosa, 
Morgan Co., Alabama. 
Range.—Type locality and Shelta Cavern, Huntsville, Madison Co., 
Alabama. 
Cambarus setosus Faxon 
Cambarus setosus Faxon, 1889. Bull. Mus. Comp. Zool., 17:237. 
Cambarus ayersii Steele, Hobbs and Barr, 1960. Am. Midl. Nat., 64:27. 
Type locality—Wilson’s Cave, Jasper Co., Missouri. 
Range.—Caves of James River drainage, southwestern Missouri. 
Orconectes pellucidus pellucidus (Tellkampf) 
Astacus pellucidus Tellkampf, 1844. Arch. Anat. Physiol. u. Wissench. 
Med., p. 383. 
Cambarus pellucidus (Tellkampf) Hagen, 1870. Ill. Cat. Mus. Comp. 
Zool. 3:5. 
Orconectes pellucidus pellucidus (Tellkampf) Hobbs, 1942. Am. Midl. 
Nat., 28:352. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Caves of northern Kentucky and southern Indiana. 
Orconectes pellucidus australis (Rhoades) 
Cambarus pellucidus australis Rhoades, 1941. Proc. U. S. Nat. Mus., 
91:142. 
Orconectes pellucidus australis (Rhoades) Hobbs, 1942. Am. Midl. Nat., 
28:353. 
Type locality—Shelta Cave, Huntsville, Madison Co., Alabama. 
Range.—Known only from type locality. 
Orconectes pellucidus inermis Cope 
Orconectes inermis Cope, 1872. Am. Nat., 6:420. 
Orconectes pellucidus inermis Cope, Rhoades, 1959. Am. Midl. Nat., 
61:401. 
Type locality——-Wyandotte Cavern, Crawford Co., Indiana. 
Range.—Caves of southern Indiana. 
Orconectes pellucidus packardii Rhoades 
Orconectes pellucidus packardii Rhoades, 1944. Am. Midl. Nat., 31:121. 
Type locality—Cumberland Crystal Cave, Alpine, Pulaski Co., Kentucky. 
Range.—Caves of Pulaski Co., Kentucky. 
Procambarus acherontis Lonnberg 
Procambarus acherontis Lonnberg, 1894. Proc. U. S. Nat. Mus., 89:387. 
Type locality—-Cave near Palm Springs, Seminole Co., Florida. 
Range.—Known. only from type locality. 


133 


134 THE AMERICAN MIDLAND NATURALIST 64(1) 


Procambarus lucifugus lucifugus Hobbs 
Procambarus lucifugus lucifugus Hobbs, 1940. Proc. U. S. Nat. Mus., 
89: 398. 
Type locality—Gum Cave, 5 miles southwest of Floral City, Citrus Co., 
Florida. 
Range.—Known only from type locality. 
Procambarus lucifugus alachua Hobbs 
Procambarus lucifugus alachua Hobbs, 1940. Proc. U. S. Nat. Mus., 
89: 402. 
Type locality—-Hog Sink, 10 miles west of Gainesville, Alachua Co., 
Florida. 
Range.—Known only from type locality. 
Procambarus pallidus Hobbs 
Procambarus pallidus Hobbs, 1940. Proc. U. S. Nat. Mus., 89:394. 
Type locality—-Warrens Cave, 11 miles northwest of Gainesville, 
Alachua Co., Florida. 
Range.—Known only from type locality. 
Troglocambarus maclanei Hobbs 
Troglocambarus maclanei Hobbs, 1942. Am. Midl. Nat., 28:345. 
Type locality—Squirrel Chimney Cave, 11 miles northwest of Gaines- 
ville, Alachua Co., Florida. 
Range.—Caves of Alachua and Citrus Cos., Florida. 
Atyidae 
Palaemonias ganteri Hay 
Palaemonias ganteri Hay, 1901. Proc. Biol. Soc. Wash., 14:180. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 
Palaemonidae 
Palaemonetes antrorum Benedict 
Palaemonetes antrorum Benedict, 1896. Proc. U. S. Nat. Mus., 18:165. 
Type locality—Artesian well, San Marcos, Hays Co., Texas. 
Range.—Caves in vicinity of San Marcos, Hays Co., Texas. 
Palaemonetes cummingi Chace 
Palaemonetes cummingi Chace, 1954. J. Wash. Acad. Sci., 44:319. 
Type locality—Squirrel Chimney Cave, 11 miles northwest of Gaines- 
ville, Alachua Co., Florida. 
Range.—K.nown only from type locality. 


MyrRIAPODA 
DIPLOPODA 
Cambalidae 
Cambala caeca Loomis 
Cambala caeca Loomis, 1953. J. Wash. Acad. Sci., 43:417. 
Type locality—Sonora, Sutton Co., Texas. 
Range.—Caves in Sutton Co., Texas. 
Cambala captiosa Causey 
Cambala captiosa Causey, 1959. Proc. Biol. Soc. Wash., 72:69. 
Type locality—Beck’s Ranch Cave, 6 miles west of Round Rock, Wil- 
liamson Co., Texas. 
Range.—Known only from type locality. 
Eclomus speobius (Chamberlin) 
Eclytus speobius Chamberlin, 1952. Entomol. News, 63:11. 
Eclomus speobius (Chamberlin) Chamberlin, 1952. Entomol. News, 
63:71. 
Type locality—Wyatt Cave, Sonora, Sutton Co., Texas. 
Range.—Known only from type locality. 
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Troglocambala loomsi Hoffman 
Troglocambala loomsi Hoffman, 1956. Geol. Surv. Alabama, Mus. Pap. 
no. 35:10. 
Type locality—Turk’s (Brooklyn) Cave, Conecuh Co., Alabama. 
Range.—Known only from type locality. 
Cleidogonidae 
Dearolfia lusciosa Loomis 
Dearolfia lusciosa Loomis, 1939. Bull. Mus. Comp. Zool., 86: 178. 
Type locality——Seneca Caverns, Riverton, Pendleton Co., West Virginia. 
Range.—Caves in Pendleton and Pocahontas Cos., West Virginia. 
Pseudotremia cavernarum Cope 
Pseudotremia cavernarum Cope, 1869. Proc. Am. Philos. Soc., 11:179. 
Type locality—Erhart’s Cave, 5 miles east of Christianburg, Montgomery 
Co., Virginia. 
Range.—Caves of Giles and Montgomery Cos., Virginia. 
Pseudotremia eburnea Loomis 
Pseudotremia eburnea Loomis, 1939. Bull. Mus. Comp. Zool., 86: 174. 
Type locality —Cricket Cave, Rising Fawn, Walker Co., Georgia. 
Range.—Known only from type locality. 
Pseudotremia fulgida Loomis 
Pseudotremia fulgida Loomis, 1943. Bull. Mus. Comp. Zool., 92:378. 
Type locality—Higginbotham Cave, 1.5 miles northwest of Frankford, 
Greenbrier Co., West Virginia. 
Range.—Caves in northern Greenbrier Co., West Virginia. 
Pseudotremia hobbsi Hoffman 
Pseudotremia hobbsi Hoffman, 1950. J. Wash. Acad. Sci., 40:90. 
Type locality—Chestnut Ridge Cave, 2.5 miles northwest of Clifton Forge, 
Alleghany Co., Virginia. 
Range.—Caves in upper James River system in Alleghany and Bath Cos., 
Virginia. 
Pseudotremia indianae Chamberlin and Hoffman 
Pseudotremia cavernarum (not Cope) Cook and Collins, 1895. Ann. New 
York Acad. Sci., 9:36. 
Pseudotremia indianae Chamberlin and Hoffman, 1958. U. S. Nat. Mus. 
Bull., 212:95. 
Type locality—Wyandotte Cave, Crawford Co., Indiana. 
Range.—Caves of southern Indiana. 
Pseudotremia nodosa Loomis 
Pseudotremia nodosa Loomis, 1939. Bull. Mus. Comp. Zool., 86: 175. 
Type locality.—English Cave, near Harrowgate, Claiborne Co., Tennessee. 
Range.—Caves of the Lower Powell River drainage in Claiborne and 
Anderson Cos., Tennessee. 
Pseudotremia simulans Loomis 
Pseudotremia simulans Loomis, 1939. Bull. Mus. Comp. Zool., 86:170. 
Type locality—Simmon’s Cave, Pendleton Co., West Virginia. 
Range.—Known only from type locality. 
Pseudotremia sodalis Loomis 
Pseudotremia sodalis Loomis, 1939. Bull. Mus. Comp. Zool., 86: 173. 
Type locality——Bat Cave, Carter Co., Kentucky. 
Range.—Known only from type locality. 
Pseudotremia sublevis Loomis 
Pseudotremia sublevis Loomis, 1944. Psyche, 51:67. 
Type locality—-Tawney’s Cave, Newport, Giles Co., Virginia. 
Range.—Caves of Giles and Montgomery Cos., Virginia. 
Pseudotremia valga Loomis 
Pseudotremia valga Loomis, 1943. Bull. Mus. Comp. Zool., 92:377. 
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Type locality—King Solomon’s Cave (Cudjo’s Cave), Cumberland Gap, 
Lee Co., Virginia. 
Range.—Known only from type locality. 


Conotylidae 
Conotyla bollmani (McNeil) 
Trichopetalum bollmani McNeil, 1887. Proc. U. S. Nat. Mus., 10:330. 
Conotyla bollmani (McNeil), Cook and Collins, 1895. Ann. New York 
Acad. Sci., 9:76. 
Type locality-—Mayfield’s Cave, Bloomington, Monroe Co., Indiana. 
Range.—South and central Indiana. 
Conotyla vaga Loomis 
Conotyla vaga Loomis, 1939. Bull. Mus. Comp. Zool., 86: 182. 
Type locality—South Temple Cave, Berks Co., Pennsylvania. 
Range.—Eastern Pennsylvania south to northern Maryland. H 
Scoterpes’ austrinus austrinus Loomis 
Scoterpes austrinus austrinus Loomis, 1943. Bull. Mus. Comp. Zool., 
92: 386. 
Type locality—Manitou Cave, 1 mile south of Fort Payne, De Kalb Co., 
Alabama. 
Range.—Known only from type locality. 
Scoterpes austrinus nudus Chamberlin 
Scoterpes austrinus nudus Chamberlin, 1946. Entomol. News, 57: 152. 
Type locality—Saltpeter Cave, 4 miles north of Kingston, Bartow Co., 
Georgia. 
Range.—Known only from type locality. 
Scoterpes copei (Packard) 
Spirostrephon (Pseudotremia) copei Packard, 1871. Am. Nat., 5:748. 
Scoterpes copei (Packard) Cope, 1872. Am. Nat., 6:414. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—West central Kentucky southeast to eastern Tennessee. 
Scoterpes dendropus Loomis 
Scoterpes dendropus Loomis, 1939. Bull. Mus. Comp. Zool., 86: 181. 
Type locality—Marvel Cave, Stone Co., Missouri. 
Range.—Type locality and Galena, Stone Co., Missouri. 
Zygonopus whitei Ryder 
Zygonopus whitei Ryder, 1881. Proc. U. S. Nat. Mus., 3:527. 
Type locality—Luray Caverns, Luray, Page Co., Virginia. 
Range.—Caves of northwestern Virginia and Pendleton Co., West Vir- 
ginia. 
Erecethidae 
Tingupa pallida Loomis 
Tingupa pallida Loomis, 1939. Bull. Mus. Comp. Zool., 86: 185. 
Type locality—River Cave, Hahatonka, Camden Co., Missouri. 
Range.—Caves of eastern Missouri and adjacent western Illinois. 


Lysiopetalidae 
Tetracion jonesi jonesi Hoffman 
Tetracion jonesi jonesi Hoffman, 1956. Geol. Surv. Alabama, Mus. Pap. 
no. 35:6. 
Type locality—Bat Cave, near Grant, Marshall Co., Alabama. 
Range.—Known only from type locality. 
Tetracion jonesi atraeum Hoffman 
Tetracion jonesi atraeum Hoffman, 1956. Geol. Surv. Alabama, Mus. Pap. 
no. 35:8. 
Type locality——Barclay Cave, Madison Co., Alabama. 
Range.—Known only from type locality. 
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Tetracion tennessieensis Causey 
Tetracion tennessieensis Causey, 1959. J. Tenn. Sci., 34: 236. 
Type locality—Cumberland Caverns, Warren Co., Tennessee. 
Range.—Grundy and Warren Cos., Tennessee. 


Nemasomidae 
Ameractis satis Causey 
Ameractis satis Causey, 1959. J. Tenn. Acad. Sci., 34: 232. 
Type locality—Indian Cave, White Co., Tennessee. 
Range.—Caves of White and Overton Cos., Tennessee. 


Polydesmidae 

Antriadesmus debilis Causey 
Antriadesmus debilis Causey, 1959. J. Tenn. Acad. Sci., 34:231. 
Type locality——-Walker Spring Cave, Wayne Co., Tennessee. 
Range.—Known only from type locality. 

Antriadesmus mollis Causey 
Antriadesmus mollis Causey, 1959. J. Tenn. Acad. Sci., 34:230. 
Type locality—Cumberland Caverns, Warren Co., Tennessee. 
Range.—Known only from type locality. 

Brachydesmus cavicola Packard 
Brachydesmus cavicola Packard, 1877. Bull. U. S. Geol. Geogr. Surv. 

(Hayden), 3:161. 

Type locality—Clinton’s Cave, Tooele Co., Utah. 
Range.—Known only from type locality. 

Scytonotus cavernarum Bollman 
Scytonotus cavernarum Bollman, 1887. Entomol. Am., 3:46. 
Type locality—Mayfield’s Cave, Monroe Co., Indiana. 
Range.—Known only from type locality. 

Speodesmus bicornourus Causey 
Speodesmus bicornourus Causey, 1959. Proc. Bio. Soc. Wash., 72:71. 
Type locality—Beck’s Ranch Cave, 6 miles west of Round Rock, William- 

son Co., Texas. 

Range.—Known only from type locality. 

Speodesmus echinourus Loomis 
Speodesmus echinourus Loomis, 1939. Bull. Mus. Comp. Zool., 86: 118. 
Type locality—Prassel Ranch Cave, Kendall Co., Texas. 
Range.—Caves in Kerr, Kendall and Hays Cos., Texas. 

Speorthus tuganbius Chamberlin 
Speorthus tuganbius Chamberlin, 1952. Entomol. News, 63:12. 
Type locality—Carlsbad Caverns, Eddy Co., New Mexico. 
Range.—Known only from type locality. 

Striariidae 

Striaria eldora Chamberlin 
Striaria eldora Chamberlin, 1953. Entomol. News, 64:95. 
Type locality—Consumnes Cave, El Dorado Co., California. 
Range.—Known only from type locality. 

Striaria shastae Causey 
Striaria shastae Causey, 1958. Proc. Biol. Soc. Wash., 71: 182. 
Type locality—Samwel Cave, Shasta Co., California. 
Range.—Known only from type locality. 


Zosteractiidae 
Zosteractis interminata Loomis 
Zosteractis interminata Loomis, 1943. Bull. Mus. Comp. Zool., 92:395. 
Type locality—South Rankin Cave, 4 miles east of Eureka, St. Louis Co., 
Missouri. 
Range.—Caves of St. Louis and St. Genevieve Cos., Missouri. 
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INSECTA 
ORTHOPTERA 
Gryllacrididae 
Ceuthophilus longipes Caudell 
Ceuthophilus longipes Caudell, 1924. Proc. Ent. Soc. Wash., 26:219. 
Type locality—Carlsbad Caverns, Eddy Co., New Mexico. 
Range.—Known only from type locality. 


COLLEMBOLA 
Entomobryidae 
Entomobrya troglodytes Christiansen 
Entomobrya troglodytes Christiansen, 1958. Bull. Mus. Comp. Zool., 
118:484. 
Type locality—-Unnamed cave on property Sturgis Water Company, Stur- 
gis, Meade Co., South Dakota. 
Range.—Known only from type locality. 
Lepidocytrus atropurpureus Packard 
Lepidocytrus atropurpureus Packard, 1888. Mem. Nat. Acad. Sci., 4:66. 
Type locality—Diamond Cave, Edmonson Co., Kentucky. 
Range.—Caves of Edmonson Co., Kentucky. 
Parasinella cavernarum (Packard) 
Degeeria cavernarum Packard, 1888. Mem. Nat. Acad. Sci., 4:66. 
Entomobrya lucifuga Folsom, 1902. Psyche, 9:365. 
Parasinella cavernarum (Packard) Bonet, 1942. Sciencia, 3:56. 
Type locality—-New Wyandotte Cave, Crawford Co., Indiana. 
Range.—Type locality and Bradford Cave, Crawford Co., Indiana. 
Sinella hoffmani Wray 
Sinella hoffmani Wray, 1952. Bull. Brooklyn Entomol. Soc., 47:95. 
Type locality—-Lowmoor Quarry Cave, Allegheny Co., Virginia. 
Range.—Known only from type locality. 
Troglosinella hirsuta Delamare 
Troglosinella hirsuta Delamare, 1949. Notes Biospeol. fasc. 4, Publ. Mus. 
Nat. Hist. Paris, no. 12:121. 
Type locality—-Tennessee Caverns, 5 miles west of Chattanooga, Hamilton 
Co., Tennessee. 
Range.—Known only from type locality. 
Troglosinella spinosa Delamare 
Troglosinella spinosa Delamare, 1949. Notes. Biospeol. fasc. 4, Publ. Mus. 
Nat. Hist. Paris, no. 12:122. 
Type locality.—Aladdin’s Cave, Madison Co., Alabama. 
Range.—Known only from type locality. 
Hypogastruridae 
Hypogastrura lucifugus (Packard) 
Lipura? lucifugus Packard, 1888. Mem. Nat. Acad. Sci., 4:65. 
Hypogastrura lucifugus (Packard) Christiansen, 1960. Am. Midl. Nat., 
64:43. 
Type locality—-Wyandotte Caverns, Crawford Co., Indiana. 
Range.—Known only from type locality. 
Isotomidae 
Folsomia cavicola (Banks) 
Entomobrya cavicola Banks, 1897. Am. Nat., 31:380. 
Folsomia cavicola (Banks) Christiansen, 1960. Am. Midl. Nat., 64:42. 
Type locality—Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 
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Oncopoduridae 
Oncopodura cruciata Bonet 
Oncopodura cruciata Bonet, 1943. Ann. Esc. Nat. Cienc. Biol., 3: 141. 
Type locality——Morrison’s Cave, Bozeman, Gallatin Co., Montana. 
Range.—Known only from type locality. 


Onychiuridae 
Onychiurus obesus Mills 
Onychiurus obesus Mills, 1934. Collembola of Iowa: 35. 
Type locality.—Bixby Ice Cave, Bixby State Park, Clayton Co., Iowa. 
Range.—Known only from type locality. 


Sminthuridae 
Arrhopalites ferrugineus (Packard) 
Smynthurus ferrugineus Packard, 1888. Mem. Nat. Acad. Sci., 4:67. 
Arrhopalites ferrugineus (Packard) Christiansen, 1960. Am. Midl. Nat., 
64:40. 
Type locality—-New Market Cave, Rockingham Co., Virginia. 
Range.—Type locality and Weyer’s (Grand) Caverns, August Co., Vir- 
ginia. 
Arrhopalites mammouthia (Banks) 
Smynthurus mammouthia Banks, 1897. Am. Nat., 31:381. 
Arrhopalites mammouthia (Banks) Christiansen, 1960. Am. Midl. Nat., 
64:40. 
Type locality--Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 


Tomoceridae 
Tomocerus brevimucronata Denis 
Tomocerus brevimucronata Denis, 1928. Bull. Mus. Portici Lab. di Zool., 
22:176. 
Type locality—Oregon Cave, Josephine Co., Oregon. 
Range.—Known only from type locality. 
Tomocerus pallidus Packard 
Tomocerus plumbea var. pallidus Packard, 1888. Mem. Nat. Acad. Sci., 
4:65. 
Tomocerus pallidus Giovannoli, 1933. Am. Midl. Nat., 14:615. 
Type locality——Carter’s Cave, Carter Co., Kentucky. 
Range.—Caves of Carter Co., Kentucky. 
Tritomurus californicus Folsom 
Tritomurus californicus Folsom, 1916. Proc. U. S. Nat. Mus., 46:469. 
Type locality.—Palser (?) Cave, Santa Clara Co., California. 
Range.—Known only from type locality. 
Tritomurus henroti Delamare 
Tritomurus henroti Delamare, 1949. Notes Biospeol. fasc. 4, Publ. Mus. 
Nat. Hist. Paris, no. 12:117. 
Type locality—Erhardt’s Cave, Montgomery Co., Virginia. 
Range.—Known only from type locality. 
Tritomurus missus Mills 
Tritomurus missus Mills, 1948. Ann. Entomol. Soc. Am., 41:178. 
Type locality—Grafton Cave, Jersey Co., Illinois. 
Range.—Type locality and Eckert’s Cave, Monroe Co., Illinois. 
Tritomurus oregonensis Denis 
Tritomurus oregonensis Denis, 1928. Bull. Portici Lab. di Zool., 22:178. 
Type locality—Oregon Cave, Josephine Co., Oregon. 
Range.—Known only from type locality. 
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DIPLURA 
Campodeidae 
Plusiocampa fieldingi Condé 
Plusiocampa fieldingi Condé, 1949. Notes Biospeol. fasc. 4, Publ. Mus. 
Nat. Hist. Paris, no. 12: 132. 
Type locality—McClung’s Cave, near Maxwelton, Greenbrier Co., West 
Virginia. 
Range.—Known only from type locality. 
Plusiocampa henroti Condé 
Plusiocampa henroti Condé, 1949. Notes Biospeol. fasc. 4, Publ. Mus. Nat. 
Hist. Paris, no. 12:127. 
Type locality—Shelta Cave, Huntsville, Madison Co., Alabama. 
Range.—Known only from type locality. 
Plusiocampa jonesi Condé 
Plusiocampa jonesi Condé, 1949. Notes Biospeol. fasc. 4, Publ. Mus. Nat. 
Hist. Paris, no. 12:135. 
Type locality—Dunbar Cave, Clarksville, Montgomery Co., Tennessee. 
Range.—Known only from type locality. 
Plusiocampa nearctica Silvestri 
Plusiocampa nearctica Silvestri, 1934. Arch. Zool. exp. Gen., 76:379. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Type locality and Indian Cave, Barren Co., Kentucky. 
Plusiocampa valentinei Condé 
Plusiocampa valentinei Condé, 1949. Notes Biospeol. fasc. 4, Publ. Mus. 
Nat. Hist. Paris, no. 12: 130. 
Type locality—Cave Spring Cave, near Berkeley, Madison Co., Alabama. 
Range.—Type locality and Aladdin Cave, Madison Co., Alabama. 


COLEOPTERA 
Carabidae 
Agonum (Rhadine) exile Barr and Lawrence 
Agonum (Rhadine) exile Barr and Lawrence, 1960. Wasmann J. Biol., 18. 
Type locality—Cave near Helctes, northern Bexar Co., Texas. 
Range.—Caves near Helotes and Camp Bullis, northern Bexar Co., Texas. 
Agonum (Rhadine) infernale infernale Barr and Lawrence 
Agonum (Rhadine) infernale Barr and Lawrence, 1960. Wasmann 
J. Biol., 18. 
Agonum (Rhadine) infernale infernale Barr and Lawrence, Barr, 1960. 
Am. Midl. Nat., 64:55. 
Type locality——Malda Cave near Helotes, Bexar Co., Texas. 
Range.—Type locality and Alzifar Cave, 11 miles northeast of Boerne, 
Kendall Co., Texas. 
Agonum (Rhadine) infernale ewersi Barr 
Agonum (Rhadine) infernale ewersi Barr, 1960. Am. Midl. Nat., 64:55. 
Type locality—Headquarters Cave, Camp Bullis, Bexar Co., Texas. 
Range.—Known only from type locality. 
Agonum (Rhadine) koepkei Barr 
Agonum (Rhadine) koepkei Barr, 1960. Am. Midl. Nat., 64:56. 
Type locality—Schneider’s Ranch Cave, 14 miles northeast of Boerne, 
Kendall Co., Texas. 
Range.—Type locality and unnamed cave near Sisterdale, Kendall Co., 
Texas. 
Agonum (Rhadine) longicolle Benedict 
Rhadine longicollis Benedict, 1928. Pan-Pac. Entomol., 4:44. 
Agonum (Rhadine) longicolle (Benedict) Csiki, 1931. Coleopterum Cata- 
logus, Pars 115, Carabidae: Harpavline V:849. 
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Type locality —Carlsbad Caverns, Eddy Co., New Mexico. 
Range.—Caves of Carlsbad Caverns National Park, Eddy Co., New 
Mexico. 
Agonum (Rhadine) specum Barr 
Agonum (Rhadine) specum Barr, 1960. Am. Midl. Nat., 64:58. 
Type locality—Cave-Without-A-Name, Kendall Co., Texas. 
Range.—Type locality, Cascade Caverns and Alzifar Cave, Kendall Co., 
Texas. 
Agonum (Rhadine) subterraneum (Van Dyke) 
Comstockia subterraneum Van Dyke, 1918. J. New York Entomol. Soc., 
26:172. 
Agonum (Rhadine) subterraneum (Van Dyke) Barr and Lawrence, 1960. 
Wasmann J. Biol., 18 
Type locality—Sam Bass Cave, McNeil, Travis Co., Texas. 
Range.—Known only from type locality. 
Agonum (Rhadine) tenebrosum Barr 
Agonum (Rhadine) tenebrosum Barr, Am. Midl. Nat., 64:57. 
Type locality—Wilson’s Cave, 25 miles southwest of Hunt, Kerr Co., 
Texas. 
Range.—Type locality and unnamed cave near Hunt, Kerr Co., Texas. 
Ameroduvalius jeanneli jeanneli Valentine 
Ameroduvalius jeanneli jeanneli Valentine, 1952. Geol. Survey Alabama, 
Mus. Pap. no. 34:27. 
Type locality—Sloan’s Valley (Cassidy) Cave, 6 miles southeast of Burn- 
side, Pulaski Co., Kentucky. 
Range.—Caves of Pulaski and McCreary Cos., Kentucky. 
Ameroduvalius jeanneli rockcastlei Valentine 
Ameroduvalius jeanneli rockcastlei Valentine, 1952. Geol. Surv. Alabama, 
Mus. Pap. no. 34:29. 
Type locality—Rockcastle Saltpeter Cave, 4 miles north of Livingston, 
Rockcastle Co., Kentucky. 
Range.—Known only from type locality. 
Darlingtonza kentuckensis kentuckensis Valentine 
Darlingtonea kentuckensis kentuckensis Valentine, 1952. Geol. Surv. Ala- 
bama, Mus. Pap. no. 34:22. 
Type locality—Richardson’s Cave, 2.5 miles east of Somerset, Pulaski Co., 
Kentucky. 
Range.—Caves of Pulaski, McCreary, Wayne and Clinton Cos., Kentucky, 
and Fentress Co., Tennessee. 
Darlingtonea kentuckensis lexingtoni Valentine 
Darlingtonea kentuckensis lexingtoni Valentine, 1952. Geol. Surv. Ala- 
bama, Mus. Pap. no. 34:24. 
Type locality—Rockcastle Saltpeter Cave, 4 miles north of Livingston, 
Rockcastle Co., Kentucky. 
Range.—Known only from type locality. 
Horologion speokoites Valentine 
Horologion speokoites Valentine, 1932. Ann. Am. Entomol. Soc., 25:3. 
Type locality—Arbuckle Cave, Greenbrier Co., West Virginia. 
Range.—Known only from type locality. 
Neaphaenops tellkampfi tellkampfi (Erichson) 
Anophthalmus tellkampfi Erichson, 1844. Mullers Arch. Anat. u. Phys., p 
384. 
Neaphaenops tellkampfi (Erichson) Jeannel, 1920. Bull. Soc. Entomol. 
France, p. 154. 
Neaphaenops tellkampfi tellkampfi (Erichson) Jeannel, 1949. Notes Bio- 
speol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:90. 


Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
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Range.—Barren, Hart, southern Hardin and eastern Edmonson Cos., Ken- 
tucky. 
Neaphaenops tellkampfi henroti Jeannel 
Neaphaenops tellkampfi henroti Jeannel, 1949. Notes Biospeol. fasc. 4, 
Publ. Mus. Nat. Hist. Paris, no. 12:90. 
Type locality—Sig Shacklett Cave, 5 miles southwest of Garret, Meade 
Co., Kentucky. 
Range.—Caves of Meade Co., Kentucky. 
Neaphaenops tellkampfi meridionalis Barr 
Neaphaenops tellkampfi meridionalis Barr, 1959. J. Tenn. Acad. Sci., 
34:23. 
Type locality—Hoy Cave, 2 miles north of Franklin, Simpson Co., Ken- 
tucky. 
Range.—Known only from type locality. 
Nelsonites jonesei Valentine 
Nelsonites jonesei Valentine, 1952. Geol. Surv. Alabama, Mus. Pap. no. 
34:16. 
Type locality—Richardson’s Cave, 2.5 miles east of Somerset, Pulaski Co., 
Kentucky. 
Range.—Caves of Somerset area, Pulaski Co., Kentucky. 
Nelsonites walteri Valentine 
Nelsonites walteri Valentine, 1952. Geol. Surv. Alabama, Mus. Pap. no. 


34:18. 

Type locality—Johnson Cave, 7 miles southwest of Monterey, Putnam Co., 
Tennessee. 

Range.—Caves of Putnam, Overton, Fentress, White and Van Buren Cos., 
Tennessee. 


Pseudanophthalmus alabamae Valentine 
Pseudanophthalmus alabamae Valentine, 1932. J. Elisha Mitchell Sci. 


Soc., 47:273. 
Type locality——Manitou Cave, 1.5 miles southwest of Fort Payne, De Kalb 
Co., Alabama. 


Range.—Known only from type locality. 
Pseudanophthalmus audax Horn 
Pseudanophthalmus audax Horn, 1883. Trans. Am. Entomol. Soc., 10:270. 
Type locality—Ronald’s Cave, Hart Co., Kentucky. 
Range.—Known only from type locality. 
Pseudanophthalmus barberi Jeannel 
Pseudanophthalmus barberi Jeannel, 1928. L’Abeille, 35: 138. 
Type locality—Rockhaven Cave, 8 miles east-by-northeast of Branden- 
burg, Meade Co., Kentucky. 
Range.—Caves of Meade Co., Kentucky. 
Pseudanophthalmus ciliaris ciliaris Valentine 
Pseudanophthalmus ciliaris Valentine, 1937. J. Elisha Mitchell Sci. Soc., 


53:95. 

Pseudanophthalmus ciliaris ciliaris Valentine, Barr, 1959. J. Tenn. Acad. 
Sci., 34:6. 

Type locality—Dunbar Cave, 3 miles east of Clarksville, Montgomery Co., 
Tennessee. 


Range.—Robertson and Montgomery Cos., Tennessee and eastern Chris- 
tian Co., Kentucky. 
Pseudanophthalmus ciliaris colemanensis Barr 
Pseudanophthalmus ciliaris colemanensis Barr, 1959. J. Tenn. Acad. Sci., 
34:6. 
Type locality—Coleman Cave, 8 miles west of Clarksville, Montgomery 
Co., Tennessee. 
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Range.—Known only from type locality. 
Pseudanophthalmus ciliaris loganensis Barr 
Pseudanophthalmus ciliaris loganensis Barr, 1959. J. Tenn. Acad. Sci., 
34:7. 
Type locality—Cook Cave, 1 mile east of Adairville, Logan Co., Ken- 
tucky. 
Range.—Caves of the upper Red River Valley, Kentucky and Tennessee. 
Pseudanophthalmus cumberlandus Valentine 
Pseudanophthalmus cumberlandus Valentine, 1937. J. Elisha Mitchell Sci. 
Soc., 53:96. 
Type locality—Piper Cave, Monoville, Smith Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus digitus Valentine 
Pseudanophthalmus digitus Valentine, 1932. J. Elisha Mitchell Sci. Soc., 
47:270. 
Type locality—Crystal City Caves (Tennessee Caverns), 5 miles west of 
Chattanooga, Hamilton Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus emersoni Krekeler 
Pseudanophthalmus emersoni Krekeler, 1958. Am. Midl. Nat., 59:176. 
Type locality—Donnehue’s Cave, 1 mile southwest of Bedford, Lawrence 
Co., Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus engelhardti (Barber) 
Anophthalmus engelhardti Barber, 1928. J. Wash. Acad. Sci., 18:195. 
Pseudanophthalmus engelhardti (Barber) Jeannel, 1928. L’Abeille, 
35: 130. 
Type locality—English Cave, 3 miles south of Cumberland Gap, Clai- 
borne Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus eremita (Horn) 
Anophthalmus eremita Horn, 1871. Trans. Am. Entomol. Soc., 3:325. 
Pseudanophthalmus eremita (Horn) Barr, 1960. Am. Midl. Nat., 63:308. 
Type locality——Wyandotte Cave, Crawford Co., Indiana. 
Range.—Type locality and Langdon’s Cave, Harrison Co., Indiana. 
Pseudanophthalmus fuscus fuscus Valentine 
Pseudanophthalmus fuscus fuscus Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 47:254. 
Type locality—Coffman’s Cave, Greenbrier Co., West Virginia. 
Range.—Caves of northern Greenbrier Co., West Virginia. 
Pseudanophthalmus fuscus constrictus Valentine 
Pseudanophthalmus fuscus constrictus Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47: 267. 
Type locality—Organ Cave, Ronceverte, Greenbrier Co., West Virginia. 
Range.—Caves of southern Greenbrier Co., West Virginia. 
Pseudanophthalmus gracilis Valentine 
Pseudanophthalmus gracilis Valentine, 1932. J. Elisha Mitchell Sci. Soc., 
47: 253. 
Type locality—Tawney’s Cave, Newport, Giles Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus grandis grandis Valentine 
Pseudanophthalmus grandis grandis Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47: 254. 
Type locality—Higginbotham’s Cave, Frankford, Greenbrier Co., West 
Virginia. 
Range.—Caves of northern Greenbrier Co., West Virginia. 
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Pseudanophthalmus grandis elevatus Valentine 
Pseudanophthalmus grandis elevatus Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47: 265. 
Type locality—Organ Cave, Ronceverte, Greenbrier Co., West Virginia. 
Range.—Caves of southern Greenbrier Co., West Virginia. 
Pseudanophthalmus henroti Jeannel 
Pseudanophthalmus henroti Jeannel, 1949. Notes Biospeol. fasc. 4, Publ. 
Mus. Nat. Hist. Paris, no. 12:69. 
Type locality—Arbuckle’s Cave, Greenbrier, Co., West Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hesperus Barr 
Pseudanophthalmus hesperus Barr, 1959. J. Tenn. Acad. Sci., 34:15. 
Type locality.—Bethel Cave, Perry Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus higginbothami Valentine 
Pseudanophthalmus higginbothami Valentine, 1931. J. Elisha Mitchell 
Sci. Soc., 46:251. 
Type locality—Higginbotham’s Cave, Frankford, Greenbrier Co., West 
Virginia. 
Range.—Caves of northern Greenbrier Co., West Virginia. 
Pseudanophthalmus hirsutus hirsutus Valentine 
Pseudanophthalmus hirsutus hirsutus Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47:252. 
Type locality—King Solomon’s Cave, Cumberland Gap, Claiborne Co., 
Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus hirsutus delicatus Valentine 
Pseudanophthalmus hirsutus delicatus Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47:270. 
Type locality—Gilly’s Cave, 1 mile south of Pennington Gap, Lee Co., 
Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hubbardi hubbardi (Barber) 
Anophthalmus hubbardi Barber, 1928. J. Wash. Acad. Sci., 18: 196. 
Pseudanophthalmus hubbardi (Barber) Jeannel, 1928. L’Abeille, 35: 130. 
Pseudanophthalmus hubbardi hubbardi (Barber) Jeannel, 1931. Arch. 
Zool. exp. Gen., 71:450. 
Type locality——Luray Caverns, Luray, Page Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hubbardi avernus Valentine 
Pseudanophthalmus hubbardi avernus Valentine, 1945. Trans. Conn. 
Acad. Arts and Sci., 36:648. 
Type locality—Endless Caverns, Rockingham Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hubbardi limicola Jeannel 
Pseudanophthalmus hubbardi limicola Jeannel, 1931. Arch. Zool. exp. 
Gen., 71:450. 
Type locality—Madden Cave, 1.5 miles northwest of New Market Station, 
Shenandoah Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hubbardi parvicollis Jeannel 
Pseudanophthalmus hubbardi parvicollis Jeannel, 1931. Arch. Zool. exp. 
Gen., 71:450. 
Type locality —Battlefield Crystal Cave, 2 miles northeast of Strasburg, 
Shenandoah Co., Virginia. 
Range.—Known only from type locality. 
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Pseudanophthalmus hubrichti Valentine 
Pseudanophthalmus hubrichti Valentine, 1948. Geol. Surv. Alabama, 
Mus. Pap. no. 27:13. 
Type locality—Dougherty’s Cave, 3 miles northwest of Lebanon, Russell 
Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus hypertrichosis Valentine 
Pseudanophthalmus hypertrichosis Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 47: 266. 
Type locality—Martha Clarke Cave, 2 miles southwest of Hillsboro, Poca- 
hontas Co., West Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus inexpectatus Barr 
Pseudanophthalmus inexpectatus Barr, 1959. J. Tenn. Acad. Sci., 34:10. 
Type locality—White Cave, Edmonson Co., Kentucky. 
Range.—Type locality and Mammoth Cave Naticnal Park, Edmonson Co., 
Kentucky. 
Pseudanophthalmus intermedius Valentine 
Neaphaenops intermedius Valentine, 1931. J. Elisha Mitchell Sci. Soc., 
46: 249. 
Pseudanophthalmus intermedius Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 47:276. 
Type locality—Wonder Cave, Monteagle, Grundy Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus jonesi Valentine 
Pseudanophthalmus jonesi Valentine, 1945. Trans. Conn. Acad. Arts and 
Sci., 36:645. 
Type locality—Saltpeter Cave, Grassy Cove, Cumberland Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus lallemanti Jeannel 
Pseudanophthalmus lallemanti Jeannel, 1949. Notes Biospeol. fasc. 4, Publ. 
Mus. Nat. Hist. Paris, no. 12:74. 
Type locality—General Davis Cave, Greenbrier Co., West Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus leonae Barr 
Pseudanophthalmus leonae Barr, 1960. Am. Midl. Nat., 63:310. 
Type locality—Hert Hollow Cave, 2 miles southwest of Springville, Law- 
rence Co., Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus lodingi lodingi Valentine 
Pseudanophthalmus lodingi lodingi Valentine, 1931. J. Elisha Mitchell 
Sci. Soc., 46: 252. 
Type locality—Shelta Cave, Huntsville, Madison Co., Alabama. 
Range.— Caves of northwestern Madison Co., Alabama. 
Pseudanophthalmus lodingi aladdini Valentine 
Pseudanophthalmus lodingi aladdini Valentine, 1945. Trans. Conn. Acad. 
Arts and Sci., 36:637. 
Type locality—Aladdin Cave, upper end of Sharp Cove, Madison Co., 
Alabama. 
Range.—Caves of the tributaries of the Flint and Paint Rock Rivers, north 
of the Tennessee River in Madison and Jackson Cos., Alabama. 
Pseudanophthalmus lodingi aquaticus Valentine 
Pseudanophthalmus lodingi aquaticus Valentine, 1945. Trans. Conn. Acad. 
Arts and Sci., 36:638. 
Type locality—-Cave Spring Cave, between Troy and Keel mountains, 
near Berkely, Madison Co., Alabama. 
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Range.—Known only from type locality. 
Pseudanophthalmus lodingi distinguens Valentine 
Pseudanophthalmus lodingi distinguens Valentine, 1948. Geol. Surv. Ala- 
bama, Mus. Pap. no. 27:12. 
Type locality—Inge Cave, 5.5 miles south of Trinity, Morgan Co., 
Alabama. 
Range.—Known only from type locality. 
Pseudanophthalmus lodingi fluviatilis Valentine 
Pseudanophthalmus lodingi fluviatilis Valentine, 1948. Geol. Surv. Ala- 
bama, Mus, Pap. no. 27:12. 
Type locality—Rock House Cave, 1 mile south of Oleander, Marshall Co., 
Alabama. 
Range.—Type locality and caves of Newsome Sinks, Morgan Co., Alabama. 
Pseudanophthalmus lodingi fulleri Valentine 
Pseudanophthalmus fulleri Valentine, 1932. J. Elisha Mitchell Sci. Soc., 
37:272. 
Pseudanophthalmus lodingi fulleri Valentine, 1948. Geol. Surv. Alabama, 
Mus. Pap. no. 27:10. 
Type locality——Tennessee Caverns, 5 miles west of Chattanooga, Hamilton 
Co., Tennessee. 
Range.—Caves of Lookout Valley, in Hamilton Co., Tennessee, and Dade 
Co., Georgia. 
Pseudanophthalmus lodingi humeralis Valentine 
Pseudanophthalmus humeralis Valentine, 1931. J. Elisha Mitchell Sci. 
Soc., 46:253. 
Pseudanophthalmus humeralis brevis Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47:273. 
Pseudanophthalmus lodingi brevis Valentine, 1945. Trans. Conn. Acad. 
Arts and Sci., 36:641. 
Pseudanophthalmus lodingi humeralis Valentine, Jeannel, 1949. Notes 
Biospeol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:84. 
Type locality.—Crystal Cave, Grundy Co., Tennessee. 
Range.—Crystal and Wonder Caves, Monteagle, Grundy Co., Tennessee. 
Pseudanophthalmus lodingi meridionalis Valentine 
Pseudanophthalmus lodingi meridionalis Valentine, '1945. Trans. Conn. 
Acad. Arts and Sci., 36:639. 
Type locality—Guntersville Caverns, 3 miles east of Guntersville, Marshall 
Co., Alabama. 
Range.—Known only from type locality. 


Pseudanophthalmus lodingi profundus Valentine 


Pseudanophthalmus lodingi profundus Valentine, 1945. Trans. Conn. 
Acad. Arts and Sci., 36:637. 


Type locality—Natural well, Monte Santo Mountain, Madison Co., 
Alabama. 


Range.—Known only from type locality. 
Pseudanophthalmus macradei Valentine 
Pseudanophthalmus macradei Valentine, 1948. Geol. Surv. Alabama, Mus. 
Pap. no. 27:9. 
Type locality—-Cumberland Caverns, Warren Co., Tennessee. 
Range.—Caves of eastern Warren Co., Tennessee. 
Pseudanophthalmus menestriesi Motschoulsky 


Pseudanophthalmus menestriesi Motschoulsky, 1862. Etudes entomol., Pt. 
XI, p. 41. 


Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Caves of Edmonson, Barren and Hart Cos., Kentucky. 


1960 NICHOLAS: CHECKLIST OF TROGLOBITES 


Pseudanophthalmus orlindae Barr 
Pseudanophthalmus orlindae Barr, 1959. J. Tenn. Acad. Sci., 34:7. 
Type locality——Jesse James Cave, 1.5 miles southeast of Orlinda, Robert- 
son Co., Tennessee. 


Range.—Caves along the South Fork of Red River, Kentucky and Ten- 
nessee. 


Pseudanophthalmus orthosulcatus Valentine 
Pseudanophthalmus grandis orthosulcatus Valentine, 1932. J. Elisha 
Mitchell Sci. Soc., 47:265. 
Pseudanophthalmus orthosulcatus Valeritine, Jeannel, 1949. Notes Bio- 
speol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:68. 
Type locality——Greenville, Saltpeter Cave, Monroe Co., West Virginia. 
Range.—Type locality and Laurel Creek Caves,-Morroe Co., West Vir- 
ginia. 
Pseudanophthalmus packardi Barr 
Pseudanophthalmus packardi Barr, 1959. J. Tenn. Acad. Sci., 34:22. 
Type locality—Bat Cave, Carter Co., Kentucky. 
Range.—Known only from type locality. 
Pseudanophthalmus petrunkevitchi Valentine 
Pseudanophthalmus petrunkevitchi Valentine, 1945. Trans. Conn. Acad. 
Arts and Sci., 36:652. 
Type locality——Skyline Caverns, 2 miles southwest of Front Royal, Warren 
Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus potomaca potomaca Valentine 
Pseudanophthalmus potomaca Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 47:262. 
Pseudanophthalmus hubbardi potomaca Valentine, 1945. Trans. Conn. 
Acad. Arts and Sci., 36:651. 
Pseudanophthalmus potomaca potomaca Valentine, Jeannel, 1949. Notes 
Biospeol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:63. 
Type locality—Simmons Cave, Cave, Pendleton Co., West Virginia. 
Range.—Type locality and Vandeventer’s Cave, Highland Co., Virginia. 
Pseudanophthalmus potomaca senecae Valentine 
Pseudanophthalmus potomaca senecae Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47: 263. 
Pseudanophthalmus hubbardi senecae, Valentine, 1945. Trans. Conn. 
Acad. Arts and Sci., 36:351. 
Pseudanophthalmus potomaca senecae Valentine, Jeannel, 1949. Notes 
Biospeol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:64. 
Type locality—Seneca Caverns, Riverton, Pendleton Co., West Virginia. 
Range.—Seneca Caverns, Nameless and Stratosphere Ballon caves, Pen- 
dleton Co., West Virginia. 
Pseudanophthalmus pubescens Horn 
Pseudanophthalmus pubescens Horn, 1868. Trans. Am. Entomol. Soc., 
2:124. 
Type locality——Cave City Cave, Barren Co., Kentucky. 
Range.—Caves in vicinity of Cave City, Barren Co., Kentucky. 
Pseudanophthalmus punctatus Valentine 
Pseudanophthalmus pusio var. punctatus Valentine, 1931. J. Elisha 
Mitchell Sci. Soc., 46: 250. 
Pseudanophthalmus punctatus Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 47: 266. 
Type locality.—Tawney’s Cave, Newport, Giles Co., Virginia. 
Range.—Known only from type locality. 


147 


148 THE AMERICAN MIDLAND NATURALIST 64(1) 


Pseudanophthalmus pusio pusio Horn 
Pseudanophthalmus pusio Horn, 1868. Trans. Am. Entomol. Soc., 2: 124. 
Pseudanophthalmus pusio pusio Horn, Valentine, 1932. {. Elisha Mitchell 
Sci. Soc., 47: 268. 
Type locality—Erhart’s Cave, 5 miles east of Christianburg, Montgomery 
Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus pusio bathycola Valentine 
Pseudanophthalmus pusio bathycola Valentine, 1932. J. Elisha Mitchell 
Sci. Soc., 47: 268. 
Type locality—Aunt Nellie’s Cave, 3 miles southeast of Blacksburg, Mont- 
gomery Co., Virginia. 
Range.—Known only from type locality. 
Pseudanophthalmus robustus robustus Valentine 
Pseudanophthalmus robustus robustus Valentine, 1931. J. Elisha Mitchell 
Sci. Soc., 46: 250. 
Type locality—Johnson Cave, near Calfkiller, Putnam Co., Tennessee. 
Range.—Caves of Putnam and northern White Cos., Tennessee. 
Pseudanophthalmus robustus beaklei Valentine 
Pseudanophthalmus robustus beaklei Valentine, 1937. J. Elisha Mitchell 
Sci. Soc., 53:97. 
Type locality—Bunkum Cave, Byrdstown, Pickett Co., Tennessee. 
Range—Caves of Pickett and Fentress Cos., Tennessee and southern Clin- 
ton and Wayne Cos., Kentucky. 
Pseudanophthalmus robustus farrelli Barr 
Pseudanophthalmus robustus farrelli Barr, 1959. J. Tenn. Acad. Sci., 
34:12. 
Type locality—Indian Grave Point Cave, 6 miles southwest of Smithville, 
De Kalb Co., Tennessee. 
Range.—Caves of southern De Kalb Co., Tennessee. 
Pseudanophthalmus robustus lupus Barr 
Pseudanophthalmus robustus lupus Barr, 1959. J. Tenn. Acad. Sci., 34:14. 
Type locality——Wolf River Cave, Fentress Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus robustus megosteus Barr 
Pseudanophthalmus robustus megosteus Barr, 1959. J. Tenn. Acad. Sci., 
34:12. 
Type locality——Big Bone Cave, Van Buren Co., Tennessee. 
Range.—Caves of Van Buren Co., Tennessee. 
Pseudanophthalmus robustus neglectus Jeannel 
Pseudanophthalmus robustus neglectus Jeannel, 1949. Notes Biospeol. 
fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:51. 
Type locality——Cumberland Caverns, Warren Co., Tennessee. 
Range.—Caves of eastern Warren Co., Tennessee. 
Pseudanophthalmus rotundatus Valentine 
Pseudanophthalmus rotundatus Valentine, 1932. J. Elisha Mitchell Sci. 
Soc., 27:271. 
Type locality —English Cave, 5 miles southwest of Cumberland Gap, Clai- 
borne Co., Tennessee. 
Range.—Type locality and Cooper’s Cave, Hancock Co., Tennessee. 
Pseudanophthalmus shilohensis shilohensis Krekeler 
Pseudanophthalmus shilohensis Krekeler, 1958. Am. Midl. Nat., 59:178. 
Pseudanophthalmus shilohensis shilohensis Krekeler, Barr, 1960. Am. Midl. 
Nat., 63:317. 
Type locality—Shiloh Church Cave, near Eureka Springs, Lawrence Co., 
Indiana. 
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Range.—Caves of western Lawrence Co., Indiana. 
Pseudanophthalmus shilohensis boonensis Krekeler 
Pseudanophthalmus boonensis Krekeler, 1958. Am. Midl. Nat., 59:180. 
Pseudanophthalmus shilohensis boonensis Krekeler, Barr, 1960. Am. Midl. 
Nat., 63:318. 
Type locality——Boone Cave, 1 mile north of Freeman, Owen Co., Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus shilohensis mayfieldensis Krekeler 
Pseudanophthalmus mayfieldensis Krekeler, 1958. Am. Midl. Nat., 59:178. 
Pseudanophthalmus shilohensis mayfieldensis Krekeler, Barr, 1960. Am. 
Midl. Nat., 63:318. 
Type locality—Mayfield’s Cave, 5 miles west-by-northwest of Blooming- 
ton, Monroe Co., Indiana. 
Range.—Caves of central Monroe Co., Indiana. 
Pseudanophthalmus striatus Motschoulsky 
Pseudanophthalmus striatus Motschoulsky, 1862. Etudes entomol., Pt. XI, 
p. 41. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Caves of Edmonson, Barren and Hart Cos., Kentucky. 
Pseudanophthalmus templetoni templetoni Valentine 
Pseudanophthalmus templetoni Valentine, 1948. Geol. Surv. Alabama, 
Mus. Pap. no. 27:7. 
Pseudanophthalmus templetoni templetoni Valentine, Barr, 1959. J. Tenn. 
Acad. Sci., 34:15. 
Type locality—Cumberland Caverns, Warren Co., Tennessee. 
Range.—Caves of eastern Warren and northern Grundy Cos., Tennessee. 
Pseudanophthalmus templetoni vanburenensis Barr 
Pseudanophthalmus templetoni vanburenensis Barr, 1959. J. Tenn. Acad. 
Sci., 34:15. 
Type locality—McElroy Cave, Van Buren Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus tenesensis Valentine 
Pseudanophthalmus tenesensis Valentine, 1937. J. Elisha Mitchell Sci. 
Soc., 53:98. 
Type locality—-Grand Caverns, Byington, Knox Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus tenuis tenuis (Horn) 
Anophthalmus tenuis Horn, 1871. Trans. Am. Entomol. Soc., 3:327. 
Anophthalmus eremita Horn, Leng, 1920. Catalogue of Coleoptera, p. 55. 
Pseudanophthalmus eremita Jeannel, 1928. L’Aveille, 32:131. 
Pseudanophthalmus bloomi Krekeler, 1950. Am. Midl. Nat., 59:172. 
Pseudanophthalmus tenuis tenuis (Horn) Barr, 1960. Am. Midl. Nat., 
63:312. 
Type locality——-Wyandotte Cave, Crawford Co., Indiana. 
Range.—Caves of Crawford, Harrison and southern Washington Cos., 
Indiana. 
Pseudanophthalmus tenuis blatchleyi Barr 
Pseudanophthalmus tenuis blatchleyi Barr, 1960. Am. Midl. Nat., 63:312. 
Type locality—tTruitt’s Cave, near Bloomington, Monroe Co., Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus tenuis jeanneli Krekeler 
Pseudanophthalmus jeanneli, Krekeler, 1958. Am. Midl. Nat., 59:171. 
Pseudanophthalmus tenuis jeanneli Krekeler, Barr, 1960. Am. Midl. Nat., 
63:315. 
Type locality—Elrod’s Cave, 2 miles east of Orangeville, Orange Co., 
Indiana. 
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Range.—Known only from type locality. 
Pseudanophthalmus tenuis morrisoni Jeannel 
Pseudanophthalmus eremita morrisoni Jeannel, 1931. Arch. Zool. exp. 
Gen., 71:451. 
Pseudanophthalmus morrisoni Krekeler, 1958. Am. Midl. Nat., 59:171. 
Pseudanophthalmus tenuis morrisoni Jeannel, Barr, 1960. Am. Midl. 
Nat., 63:315. 
Type locality—Donaldson Cave, 4 miles east of Mitchell, Lawrence Co., 
Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus tenuis stricticollis Jeanne) 
Pseudanophthalmus eremita stricticollis Jeannel, 1931. Arch. Zool. Exp. 
et Gen., 71:468. 
Pseudanophthalmus stricticollis Krekeler, 1958. Am. Midl. Nat., 59:170. 
Pseudanophthalmus tenuis stricticollis Jeannel, Barr, 1960. Am. Méidl. 
Nat., 63:315. 
Type locality—-Marengo Cave, 12 miles north of Wyandotte Cave, Craw- 
ford Co., Indiana. 
Range.—Known only from type locality. 


Pseudanophthalmus tiresias tiresias Barr 
Pseudanophthalmus tiresias tiresias Barr, 1950. J. Tenn. Acad. Sci. 34:16. 
Type locality—Indian Grave Point Cave, 6 miles southwest of Smith- 
ville, De Kalb Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus tiresias acherontis Barr 
Pseudanophthalmus tiresias achernotis Barr, 1959. J. Tenn. Acad. Sci., 
34:20. 
Type locality—-Echo Cave, 2 miles northeast of Rockvale, Rutherford 
Co., Tennessee. 
Range.—Known only from type locality. 


Pseudanophthalmus tiresias bendermani Barr 
Pseudanophthalmus tiresias bendermani Barr, 1959. J. Tenn. Acad. Sci., 
34:21. 
Type locality——Benderman Cave, Southport, Maury Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus tiresias catherinae Barr 
Pseudanophthalmus tiresias catherinae Barr, 1959. J. Tenn. Acad. Sci., 
34:17. 
Type locality—Petty Cave, Marshall Co., Tennessee. 
Range.—Known only from type locality. 


Pseudanophthalmus tiresias insularis Barr 
Pseudanophthalmus tiresias insularis Barr, 1959. J. Tenn. Acad. Sci., 34:18. 
Type locality—Baker Station Cave, northern Davidson Co., Tennessee. 
Range.—Known only from type locality. 
Pseudanophthalmus tiresias occidentalis Barr 
Pseudanophthalmus tiresias occidentalis Barr, 1959. J. Tenn. Acad. Sci., 
34:18. 
Type locality—DePriest Branch Cave, Lewis Co., Tennessee. 
Range.—Caves of Cane Creek Valley, Lewis and Hickman Cos., Ten- 
nessee. 


Pseudanophthalmus tiresias tullahoma Barr 
Pseudanophthalmus tiresias tullahoma Barr, 1959. J. Tenn. Acad. Sci., 
34:20. 
Type locality—Carroll Cave, Coffee Co., Tennessee. 
Range.—Known only from type locality. 
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Pseudanophthalmus valentinei Jeannel 
Pseudanophthalmus valentinei Jeannel, 1949. Notes Biospeol. fasc. 4, 
Publ. Mus. Nat. Hist. Paris, no. 12:51. 
Type locality—Johnson Cave, Putnam Co., Tennessee. 
Range.—Caves of eastern Putnam and Overton Cos., Tennessee. 
Pseudanophthalmus youngi youngi Krekeler 
Pseudanophthalmus youngi Krekeler, 1958. Am. Midl. Nat., 59:175. 
Pseudanophthalmus youngi youngi Krekeler, Barr, 1960. Am. Midl. Nat., 
63:317. 
Type locality—Clifty Caves, 4 miles north of Campbellsburg, Washing- 
ton Co., Indiana. 
Range.—Known only from type locality. 
Pseudanophthalmus youngi donaldsoni Krekeler 
Pseudanophthalmus donaldsoni Krekeler, 1958. Am. Mi:dl. Nat., 59:175. 
Pseudanophthalmus youngi donaldsoni Krekeler, Barr, 1960. Am. Mid. 
Nat., 63:317. 
Type locality—Donaldson Cave, 4 miles east of Mitchell, Lawrence 
Co., Indiana. 
Range.—Known only from type locality. 


Catopidae 

Ptomaphagus (Adelops) hirtus Tellkampf 
Adelops hirtus Tellkampf, 1844. Miillers Archiv. Naturgesch., 10:33. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Caves of Edmonson, Barren and Hart Cos., Kentucky. 

Ptomaphagus (Adelops) hatchi Jeannel 
Ptomaphagus (Adelops) hatchi Jeannel, 1939. Bull. Soc. entomol. France, 

1939: 252. 

Type locality—-Wonder Cave, Grundy Co., Tennessee. 
Range.—Caves of southern Grundy and Franklin Cos., Tennessee. 


Ptomaphagus (Adelops) henroti henroti Jeannel 
Ptomaphagus (Adelops) henroti henroti Jeannel, 1949. Notes. Biospeol. 
fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:102. 
Type locality—Aladdin Cave, Sharp’s Cove, Madison Co., Alabama. 
Range.—Known only from type locality. 
Ptomaphagus (Adelops) henroti ellipticus Jeannel 
Ptomaphagus (Adelops) henroti ellipticus Jeannel, 1949. Notes. Biospeol. 
fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12:102. 
Type locality—Shelta Cave, Huntsville, Madison Co., Alabama. 
Range.—Shelta and Barclay Caves, Madison Co., Alabama. 
Ptomaphagus (Adelops) hubrichti Barr 
Ptomaphagus (Adelops) hubbrichti Barr, 1958. J. Tenn. Acad. Sci., 
33:170. 
Type locality——Cripp’s Mill Cave, 5 miles southwest of Smithville, DeKalb 
Co., Tennessee. 
Range.—Caves of DeKalb Co., Tennessee. 
Ptomaphagus (Adelops) laticornis Jeannel 
Ptomaphagus (Adelops) laticornis Jeannel, 1949. Notes Biospeol. fasc. 4, 
Publ. Mus. Nat. Hist. Paris, no. 12:102. 
Type locality—Scott Cave, Sharp’s Cove, Madison Co., Alabama. 
Range.—Known only from type locality. 


Ptomaphagus (Adelops) lodingi Hatch 
Ptomaphagus (Adelops) lodingi Hatch, 1933. J. New York Entomol. Soc., 
41:209. 
Type locality—Shelta Cave, Huntsville, Madison Co., Alabama. 
Range.—Shelta and Barclay Caves, Madison Co., Alabama. 
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Ptomaphagus (Adelops) shapardi Sanderson 
Ptomaphagus (Adelops) shapardi Sanderson, 1939. J. Kansas Ent. Soc., 
12:121. 
Type locality——Dresser Cave, on Flore’s Creek, near Fort Gibson Dam, 
Cherokee Co., Oklahoma. 
Range.—Known only from type locality. 
Ptomaphagus (Adelops) valentinei valentinei Jeannel 
Ptomaphagus (Adelops) valentinei valentinei Jeannel, 1933. Bull. Soc. 
entomol. France, 1933:252. 
Type locality—Sauta Cave, Lim Rock, Jackson Co., Alabama. 
Range.—Known only from type locality. 
Ptomaphagus (Adelops) valentinei jonesi Jeannel 
Ptomaphagus (Adelops) valentinei jonesi Jeannel, 1949. Notes Biospeol. 
fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12: 103. 
Type locality.—Pitts sinkhole, head of Big Cove, Madison Co., Alabama. 
Range.—Known only from type locality. 
Ptomaphagus (Adelops) valentinei longicornis Jeannel 
Ptomaphagus (Adelops) valentinei longicornis Jeannel, 1949. Notes Bio- 
speol. fasc. 4, Publ. Mus. Nat. Hist. Paris, no. 12: 103. 
Type locality——Cave Spring Cave, near Berkeley, Madison Co., Alabama. 
Range.—Known only from type locality. 


Pselaphidae 
Arianops (Arispeleops) cavernensis Park 
Arianops (Arispeleops) cavernensis Park, 1951. Geol. Surv. Alabama, 
Mus. Pap. no. 31:41. 
Type locality—Saltpeter Cave, Marshall Co., Alabama. 
Range.—Known only from type locality. 
Arianops (Arispeleops) jeanneli Park 
Arianops (Arispeleops) cavernensis jeanneli Park, 1956. J. Tenn. Acad. 
Sci., 31:85. 
Type locality.—Gilly’s Cave, Pennington Gap, Lee Co., Virginia. 
Range.—Known only from type locality. 
Arianops (Arispeleops) stygica Park 
Arianops (Arispeleops) stygica Park, 1960. Am. Midl. Nat., 64:67. 
Type locality—Cumberland Caverns, Warren Co., Tennessee. 
Range.—Known only from type locality. 
Batriasymmodes quisnamus (Park) 
Batrisodes quisnamus Park, 1951. Geol. Surv. Alabama, Mus. Pap. no. 
31:20. 
Batrisodes jeanneli Park, 1951. Geol. Surv. Alabama, Mus. Pap. no. 
31:21. 
Batrisodes reduncus Park, 1956. J. Tenn. Acad. Sci., 31:65. 
Batriasymmodes quisnamus (Park) Park, 1960. Am. Midl. Nat., 64:82. 
Type locality——Bunkum Cave, Byrdstown, Pickett Co., Tennessee. 
Range.—Type locality; Pratt Cave, Pickett Co.; Lindsay Williams Cave, 
De Kalb Co.; Burial Cave, Jackson Co. and Sam Lackey Cave, Sumner 
Co., Tennessee. 
Batriasymmodes spelaeus (Park) 
Batrisodes spelaeus Park, 1951. Geol. Surv. Alabama, Mus. Pap. no. 
31:16. 
Batriasymmodes spelaeus (Park) Park, 1960. Am. Midl. Nat., 64:82. 
Type locality——Bangor Cave, Blount Co., Alabama. 
Range.—Known only from type locality. 
Batriasymmodes troglodytes (Park) 
Batrisodes troglodytes Park, 1951. Geol. Surv. Alabama, Mus. Pap., no. 
31:23. 
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Batriasymmodes troglodytes (Park) Park, 1960. Am. Midl. Nat., 64:82. 
Type locality—Rock Cave, Greenville, Butler Co., Alabama. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) barri Park 
Batrisodes (Babnormodes) barri Park, 1958. J. Tenn. Acad. Sci., 33:40. 
Type locality—Dickson Cave, 1.5 miles south of Dickson, Dickson Co., 
Tennessee. 
Range.—Dickson Cave and Columbia Caverns, Dickson Co., Tennessee. 
Batrisodes (Babnormodes) clypeospecus Park 
Batrisodes (Babnormodes) clypeospecus Park, 1960. Am. Midl. Nat., 
64:71. 
Type locality—Reed Creek Cave, Fentress Co., Tennessee. 


Range.—Type locality and Upper and Lower Parrot Caves, Overton Co., 
Tennessee. 


Batrisodes (Babnormodes) ferulifer Park 
Batrisodes (Babnormodes) ferulifer Park, 1960. Am. Midl. Nat., 64:69. 
Type locality——Benderman Cave, Southport, Maury Co., Tennessee. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) gemmoides Park 
Batrisodes (Babnormodes) gemmoides Park, 1960. Am. Midl. Nat., 
64:68. 
Type locality—Columbia Caverns, Dickson Co., Tennessee. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) gemmus Park 
Batrisodes (Babnormodes) gemmus Park, 1956. J. Tenn. Acad. Sci., 
31:71. 
Type locality—Jewel Cave, 12 miles northwest of Dickson, Dickson Co., 
Tennessee. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) henroti Park 
Batrisodes (Babnormodes) henroti Park, 1956. J. Tenn. Acad. Sci., 31:70. 
Type locality—Vance Cave, Park City, Barren Co., Kentucky. 
Range.—Vance and Beckton Caves, Barren Co.; caves of Edmonson and 
Hart Cos., Kentucky. 
Batrisodes (Babnormodes) hubrichti Park 
Batrisodes (Babnormodes) hubrichti Park, 1958. J. Tenn. Acad. Sci., 
33:41. 
Type locality—Beckton Cave, 0.4 miles northwest of Beckton, Barren Co., 
Kentucky. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) jocuvestus Park 
Batrisodes (Babnormodes) jocuvestus Park, 1960. Am. Midl. Nat., 64:70. 


Type locality—Aladdin Cave, Maysville, Sharp’s Cove, Madison Co., 
Alabama. 


Range.—Known only from type locality. 
Batrisodes (Babnormodes) jonesi Park 


Batrisodes (Babnormodes) jonesi Park, 1951. Geol. Surv. Alabama, Mus. 
Pap. no. 31:27. 


Type locality —Little Bear Cave, Tuscumbia, Colbert Co., Alabama. 
Range.—Caves of western half of Colbert Co., Alabama. 

Batrisodes (?Babnormodes) krekeleri Park 
Batrisodes (?Babnormodes) krekeleri Park, 1960. Am. Midl. Nat., 64:74. 


Type locality—Cave Spring, 2.5 miles south-southwest of New Washing- 
ton, Clark Co., Indiana. 


Range.—Known only from type locality. 
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Batrisodes (Babnormodes) pannosus Park 
Batrisodes (Babnormodes) pannosus Park, 1960. Am. Midl. Nat., 64:72. 
Type locality—Pedigo Cave, Cookeville, Putnam Co., Tennessee. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) profundus Park 
Batrisodes (Babnormodes) profundus Park 1956. J. Tenn. Acad. Sci., 
31:68. 
Type locality—Turk’s (Brooklyn) Cave, near Brooklyn, Conecuh Co., 
Alabama. 
Range.—Known only from type locality. 
Batrisodes (?Babnormodes) schneiderensis Park 
Batrisodes (?Babnormodes) schneiderensis Park, 1960. Am. Midl. Nat., 
64:75. 
Type locality—Schneider Ranch Cave, 12 miles north-northeast of Boerne, 
Kendall Co., Texas. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) specus Park 
Batrisodes (Babnormodes) specus Park, 1951. Geol. Surv. Alabama, Mus. 
Pap. no. 31:35. 
Type locality—Hutton Cave, Sharp’s Cove, Madison Co., Alabama. 
Range.—Caves of southern Tennessee and northern Alabama. 
Batrisodes (Babnormodes) subterraneus Park 
Batrisodes (Babnormodes) subterraneus Park, 1951. Geol. Surv. Alabama, 
Mus. Pap., no. 31:30. 
Type locality—Griffith Cave, Guntersville, Marshall Co., Alabama. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) tumoris Park 
Batrisodes (Babnormodes) tumoris Park, 1960. Am. Midl. Nat., 64:73. 
Type locality—-McClusky Cave, Colbert Co., Alabama. 
Range.—Known only from type locality. 
Batrisodes (Babnormodes) valentinei Park 
Batrisodes (Babnormodes) valentinei Park, 1951. Geol. Surv. Alabama, 
Mus. Pap., no. 31:32. 
Type locality—Goat Cave, Keel Mountain, Madison Co., Alabama. 
Range.—Caves of northern Alabama and southern Tennessee. 
Batrisodes (Excavodes) cavernosus Park 
Batrisodes (Excavodes) cavernosus Park, 1951. Geol. Surv. Alabama, Mus. - 
Pap., no. 31:25. 
Type locality—Hinson Cave, Greenville, Butler Co., Alabama. 
Range.—Known only from type locality. 
Bythinopsis hubrichti Park 
Bythinopsis hubrichti Park, 1960. Am. Midl. Nat., 64:76. 
Type locality—Copelin Cave, 2 miles east of Millerstown, Hart Co., Ken- 
tucky. 
Range.—Known only from type locality. 
Bythinopsis jonesi Park 
Bythinopsis jonesi Park, 1951. Geol. Surv. Alabama, Mus. Pap., no. 31:43. 
Type locality——Wolf Den Cave, near Maud, Colbert Co., Alabama. 
Range.—Known only from type locality. 
Machaerites (Speleochus) croceus Park 
Macherites (Speleochus) croceus Park, 1960. Am. Midl. Nat., 64:78. 
Type locality——Lott Cave, near Brownsboro, Madison Co., Alabama. 
Range.—Lott and Twin Caves, Madison Co., Alabama. 
Machaerites (Speleochus) stygius Park 
Machaerites (Speleochus) stygius Park, 1951. Geol. Surv. Alabama, Mus. 
Pap., no. 31:47. 


1960 NicHoLAS: CHECKLIST OF TROGLOBITES 155 


Type locality—Toll Gate Natural Well, Monte Sano Mountain, Madison 
Co., Alabama. 
Range.—Madison Co., Alabama. 
Machaerites (Speleochus) synstygicus Park 
Machaerites (Speleochus) synstygicus Park, 1956. J. Tenn. Acad. Sci., 
31:64. 
Type locality—Barclay Cave, King Mountain, Madison Co., Alabama. 
Range.—Known only from type locality. 
Machaerites (Subterrochus) eurous Park 
Machaerites (Subterrochus) eurous Park, 1960. Am. Midl. Nat., 64:79. 
Type locality.—Jess Elliot Cave, Jackson Co., Alabama. 
Range.—Known only from type locality. 
Machaerites (Subterrochus) ferus Park 
Machaerites (Subterrochus) ferus Park, 1951. Geol. Surv. Alabama, Mus. 
Pap., no. 31:49. 
Type locality——Aladdin Cave, Sharp’s Cove, Madison Co., Alabama. 
Range.—Madison and Jackson Cos., Alabama. 
Machaerites (Subterrochus) steevesi Park 
Machaerites (Subterrochus) steevesi Park, 1960. Am. Midl. Nat., 64:80. 
Type locality——Guffey Cave, Marshall Co., Alabama. 
Range.—Known only from type locality. 


Speleobama vana Park 
Speleobama vana Park, 1951. Geol. Surv. Alabama, Mus. Pap., no. 31:53. 
Type locality—McClunney (Alabama) Caverns, near Clay, Jefferson Co., 
Alabama. 
Range.—Known only from type locality. 


ARACHNIDA 
PHALANGIDA 
Nemastomatidae 

Nemastoma inops Packard 
Nemastoma inops Packard, 1886. Am. Nat., 18:203. 
Type locality—Bat Cave, Carter Co., Kentucky. 
Range.—Caves of northern Kentucky. 

Nemastoma packardi Roewer 
Nemastoma troglodytes Packard, 1877. Bull. U. S. Geol. Surv. Terr (Hay- 

den), 3: 160. 

Nemastoma packardi Roewer, 1914. Arch. Naturg, 80: 163. 
Type locality—Clinton’s Cave, Lake Point, Tooele Co., Utah. 
Range.—Known only from type locality. 

Nemastoma pallidimaculosa Goodnight and Goodnight 
Nemastoma pallidimaculosa Goodnight and Goodnight, 1945. J. New 

York Entomol. Soc., 53:241. 
Type locality—Rockhouse Cave, Oleander, Marshall Co., Texas. 
Range.—Known only from type locality. 
Phalangoididae 

Phalangodes armata Tellkampf 
Phalangodes armata Tellkampf, 1844. Archiv fur Naturgeschite, 10:320. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. — 
Range.—Caves of Kentucky and Tennessee. 

Phalangodes californica (Banks) 
Scotolemon californica Banks, 1900. J. New York Entomol. Soc., 8:200. 
Phalangodes californica (Banks) Roewer, 1912. Archiv. Naturg. 78A: 142. 
Type locality—Alabaster Cave, El Dorado Co., California. 
Range.—Known only from type locality. 
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Texella mulaiki Goodnight and Goodnight 
Texella mulaiki Goodnight and Goodnight, 1942. Am. Mus. Novitates, no. 
1188: 10. 
Type locality.—San Marcos, Hays Co., Texas. 
Range.—Known only from type locality. , 
Triaenonychidae 
Sclerobonus cavicolens (Banks) 
Cytobonus cavicolens Banks, 1905. Entomol. News, 16:251. 
Sclerobonus cavicolens (Ban's) Crosby and Bishop, 1924. Entomol. News, 
35: 109. 
Type locality.—Morrison’s Jave, 60 miles west of Bozeman, Madison Co., 
Montana. 
Range.—Known only from type locality. 


ARANEAE 
Agelenidae 
Cicurina buwata Chamberlin and Ivie 
Circurina buwata Chamberlin and Ivie, 1940. Bull. Univ. Utah, Biol. Ser., 
5(9) :74. 
Type locality—-Unnamed cave near Austin, Travis Co., Texas. 
Range.—Known only from type locality. 
Leptonetidae 
Leptoneta coeca Chamberlin and Ivie 
Leptoneta coeca Chamberlin and Ivie, 1942. Bull. Univ. Utah, Biol. Ser., 
7:10. 
Type locality.—Heidrich Cave, New Braunfels, Comal Co., Texas. 
Range.—Known only from type locality. 
Linyphiidae 
Anthrobia monmouthia Tellkampf 
Anthrobia monmouthia Tellkampf, 1844. Wiegman’s Arch. f. Naturg., 
10:318. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Virginia to Kentucky. 
Phanetta subterranea (Emerton) 
Linyphia subterranea Emerton, 1875. Am. Nat., 9:279. 
Phanetta subterranea (Emerton) Keyserling, 1886. Spinnen Amerikas, 
Theridiidae, 2:125. 
Type locality——Wyandotte Caverns, Crawford Co., Indiana. 
Range.—Caves of southeastern United States. 
Willibaldia cavernicola Keyserling 
Willibaldia cavernicola Keyserling, 1886. Spinnen Amerikas, Theridiidae, 
23423. 
Type locality—Reynold’s Cave, Barren Co., Kentucky. 
Range.—Caves of southeastern United States. 
Nesticidae 
Ivesia tennesseensis Petrunkevitch 
Ivesia tennesseensis Petrunkevitch, 1925. Ann. Entomol. Soc. Am., 18:321. 
Type locality—tIndian Cave, 5 miles northwest of New Market, Jefferson 
Co., Tennessee. 
Range.—Caves of Kentucky, Tennessee and West Virginia. 
Nesticus carteri Emerton 
Nesticus carteri Emerton, 1875. Am. Nat., 9:279. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Caves of Kentucky and Tennessee. 
Tuganobia potteria Chamberlin 
Tuganobia potteria Chamberlin, 1933. Pan-Pac. Entomol., 9: 124. 
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Type locality.—Potter Creek Cave, Shasta Co., California. 
Range.—Known only from type locality. 
Ochyroceratidae 
Usofila gracilis Marx 
Usofila gracilis Marx, 1891. Proc. Entomol. Soc. Wash., 2:35. 
Type locality—Alabaster Cave, El Dorado Co., California. 
Range.—Caves of California. 


ACARINA 
Eupodidiae 
Rhagida cavicola Banks 
Rhagida cavicola Banks, 1897. Am. Nat., 31:382. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 
Linopodes mammouthia Banks 
Lonopodes mammouthia Banks, 1897. Am. Nat., 31:383. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky. 
Range.—Known only from type locality. 


MOLLUSCA 
GASTROPODA 
MESOGASTROPODA 
Bulimidae 
Amanicola aldrichi antroecetes Hubricht 
Amnicola aldrichi antroecetes Hubricht, 1940. Nautilus, 53:120. 
Type locality—Shemmler’s Cave, 2 miles south of Bluffside, St. Clair Co., 
Illinois 
Range.—Cave streams of eastern Ozarks. 
Amanicola procerpina Hubricht 
Amnicola procerpina Hubricht, 1940. Nautilus, 53:121. 
Type locality.—Rice’s Cave, Jefferson Co., Missouri. 
Range.—Type locality and a spring, Osage Hills Golf Course, Kirkwood, 
St. Louis Co., Missouri. 
Horatia micra Pilsbry and Ferriss 
Horatia micra Pilsbry and Ferriss, 1906. Proc. Acad. Nat. Sci. Phila., 
58:112. 
Type locality—Drift on Guadalupe River, 4 miles above New Braunfels, 
Comal Co., Texas. 
Range.—Southern Texas. 
Carychiidae 
Carychium stygium Call 
Carychium stygium Call, 1897. Am. Nat., 31:387. 
Type locality—-Mammoth Cave, Edmonson Co., Kentucky 


Range.—Type locality, Buzzard’s Cave and White’s Cave, Edmonson Co., 
Kentucky. 


CHORDATA 
OsTEICHTHYES 
TELEOSTEI 
Amblyopsidae 
Amblyopsis rosae (Eigenmann) 
Typhlichthys rosae Eigenmann, 1898. Proc. Indiana Acad. Sci., 1897:231. 
Ambylopsis rosae (Eigenmann) Woods and Inger, 1957. Am. Midl. Nat., 
53: 245. 
Type locality.—Sarcoxie, Jasper Co., Missouri. 
Range.—Southwestern corner of Missouri. 
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Amblyopsis spelea Dekay 
Amblyopsis spelea Dekay, 1842. Zoology of New York or the New York 
Fauna, Part IV, Fishes, p. 187. 
Type locality—-Mammoth Cave, Edmonson, Kentucky. 
Range.—Limestone region of Indiana from Bedford south to Corydon and 
Edmonson Co., Kentucky. 
Chologaster agassizi Putnam 
Chologaster agassizi Putnam, 1872. Am. Nat., 6:22. 
Type locality—Lebanon, Wilson Co., Tennessee. 
Range.—Caves and springs of the limestone region from southern Illinois 
to central Kentucky and north central Tennessee. 
Typhlichthys subterraneus Girard 
Typhlichthys subterraneus Girard, 1859. Proc. Acad. Nat. Sci. Phila., 
1859:63. 
Type locality—Bowling Green, Warren Co., Kentucky. 
Range.—Limestone region from southern Missouri to central Kentucky 
and Tennessee to northern Alabama. 
Ictaluridae 
Satan eurystomus Hubbs and Bailey 
Satan eurystomus Hubbs and Bailey, 1947. Occ. Pap. Mus. Zool., Univ. 
Mich., 499:4. 
Type locality——A well, near San Antonio, Bexar Co., Texas. 
Range.—Known only from type locality. 
Trogloglanis pattersoni Eigenmann 
Trogloglanis pattersoni Eigenmann, 1919. Proc. Am. Phil. Soc., 58:397. 
Type locality—A well near San Antonio, Bexar Co., Texas. 
Range.—Artesian wells of San Antonio, Bexar Co., Texas. 


AMPHIBIA 
URODELA 
Plethodontidae 
Eurycea neotenes neotenes Bishop and Wright 
Eurycea neotenes Bishop and Wright, 1937. Proc. Biol. Soc. Wash., 
50: 142. 
Eurycea neotenes neotenes Bishop and Wright, Schmidt 1953. Checklist 
North American Amphibians and Reptiles, p. 55. 
Type locality—Culebra Creek, 5.0 miles north of Helotes, Bexar Co., 
Texas. 
Range.—Bexar Co., Texas. 
Eurycea neotenes latitans Smith and Potter 
Eurycea neotenes Smith and Potter, 1946. Herpetologica, 3: 107. 
Eurycea neotenes latitans Smith and Potter, Schmidt 1953. Checklist 
North American Amphibians and Reptiles, p. 55. 
Type locality—Cascade Caverns, 4.6 miles southeast of Boerne, Kendall 
Co., Texas. 
Range.—Known only from type locality. 
Eurycea troglodytes Baker 
Eurycea troglodytes Baker, 1957. Texas J. Sci., 9:328. 
Type locality——Valdina Farms sinkhole, Medina Co., Texas. 
Range.—Known only from type locality. 
Gyrinophilus lutescens (Rafinesque) 
Triturus lutescens Rafinesque, 1832. Atlantic J., 1:121. 
Gyrinophilus lutescens (Rafinesque) Mittleman, 1942. Proc. New Eng. 
Zool. Club, 20:33. 
Type locality.—Eastern Kentucky. 
Range.—Caves of northern Kentucky. 
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Gyrinophilus palleucus McCrady 
Gyrinophilus palleucus McCrady, 1954. Copeia, 1954: 29. 
Type locality——Sinking Cove Cave, Franklin Co., Tennessee. 
Range.—Caves of Franklin Co., Tennessee. 
Haideotriton wallacei Carr 
Haideotriton wallacei Carr, 1939. Occ. Pap. Boston Soc. Nat. Hist., 8:335. 
Type locality—A well, Albany, Dougherty Co., Georgia. 
Range.—Type locality and three caves in Jackson Co., Florida. 
Typhlomolge rathbuni Stejneger 
Typhlomolge rathbuni Stejneger, 1896. Proc. U. S. Nat. Mus., 18:620. 
Type locality—San Marcos, Hays Co., Texas. 
Range.—Hays, Kendall and Comal Cos., Texas. 
Typhlotriton spelaeus Stejneger 
Typhlotriton spelaeus Stejneger, 1892. Proc. U. S. Nat. Mus., 15:116. 
Type locality—Rock House Cave, Barry Co., Missouri. 
Range.—Ozark Plateau in Missouri and Arkansas and adjacent Kansas 
and Oklahoma. 
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Adventive Plants New to the Missouri Flora 


VIKTOR MUHLENBACH 


Missouri Botanical Garden 


During the summers of 1956-1958, the writer contjnued the col- 
lection of material for a comprehensive adventive flora of St. Louis 
(Mithlenbach, 1957). Again, a number of species not previously 
recorded for Missouri have been discovered. Thirty-three (omitting 
several not positively determined) are published in the following list. 
They were without exception, collected within the city limits of St. 
Louis. The writer wishes to express his appreciation for their assist- 
ance to Drs. F. J. Hermann, I. M. Johnston, J. Sauer, G. B. Van 
Schaack and J. A. Steyermark. Specimens verifying these records 
have been deposited in the herbarium of the Missouri Botanical 
Garden. The initials and numbers in parentheses below are those of 
the writer in field collections. 


Aira elegans Willd——This European grass is wide-spread,- partic- 
ularly in the states along the Atlantic and Pacific coasts. Hitchcock 
(1951:299) cites it from Missouri’s neighboring states, Tennessee and 
Arkansas. A small colony was found on the levee of the Mississippi 
River, 100-200 m north of the Municipal Bridge, just opposite Crun- 
den Martin Manufacturing Company’s plant, May 13, 1956 (V. M. 
614). The colony was destroyed the following year by the trans- 
formation of the whole territory into a municipal launching area for 


small boats. 


Bromus squarrosus L.—This European grass is rare in the United 
States. Fernald (1950:103) reports it from Connecticut to Michigan, 
while Hitchcock (1951:50) mentions only Michigan, but adds North 
Dakota. There are recent collections in Indiana (Steyermark and 
Swink, 1955) and Montana (Booth and Wright, 1953). One well- 
developed specimen was found on the right-of-way of the Terminal 
Railroad, between the Signal-box Carrol Street Tower and Rutger 
Street, June 17, 1956 (V. M. 954). 


Festuca myuros L.—This European grass according to Hitchcock 
(1951:63) is found in most coastal states, in Ohio, Wisconsin and 
Arizona; it is also reported from Oklahoma (Waterfall, 1951). It has 
now been found several times in St. Louis: 1) in the Lindenwood 
freight yard of the Frisco Railroad, at the eastern entrance of the 
yard, June 9, 1956 (V. M. 928) ; 2) a quite large colony in the center 
of the same yard, June 2, 1957, (V. M. 1194); 3) right-of-way of the 
Missouri-Pacific Railroad at the corner of Chouteau Avenue and 
Third Street, one specimen, June 17, 1956 (V. M. 949). 


Puccinellia airoides (Nutt.) Wats. & Coult-——The range of this 
native western grass reaches its eastern limits ir. Wisconsin, Nevada 
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and Kansas and it is adventive in Vermont and Maine (Hitchcock, 
1951:80). Therefore, it is not impossible that the specimens found in 
St. Louis could be native to Missouri. The collection data are: Carrie 
Avenue freight yard of the Terminal Railroad, only two specimens 
along the switch tracks in the northern part of the yard, June 1, 1957 
(V. M. 1179). This freight yard is especially rich in adventive plants, 
so the native status of this grass, at least at this station, is dubious. 


Paspalum dilatatum Poir.—A native of South America, it has been 
introduced into the United States since about the middle of the last 
century. According to Hitchcock (1951:615) it is now spread through 
all the southeastern states, as well as in some western ones. It is also 
known from all the states along Missouri’s southern border. A few 
specimens were found directly on the border of the right-of-way of 
the Wabash Railroad and the parking lot of the Super Service Station, 
3000 N. Broadway. Inquiry confirmed the supposition that trucks 
from southern states frequently use this lot for parking. For the great 
majority of adventive plants the railroads are responsible for their 
introduction ; here one must think of the possibility that the seeds were 
brought by trucks. The next grass on the list also grows nearby and 
is a characteristically southern plant. The data of collection are: 
September 8, 1957 (V. M. 1355). 


Paspalidium geminatum (Forsk). Stapf.—This grass of the warmer 
regions of both hemispheres, according to Hitchcock (1951:680) is 
known from Florida, Louisiana, Texas and Oklahoma. The data of 
collection are: June 30, 1957, September 8, 1957 (V. M. 1246 and 
1354). Only a single specimen was found in the same locality where 
the previous mentioned grass Paspalum dilatatum was growing. Since 
the plant had developed a quite large clump, it was possible at both 
collections to remove pieces of the plant for the herbarium and still 
leave a part of it for further observation. 


Lolium persicum Boiss. & Hohen.—In the United States this rye- 
grass is known only from North Dakota (Hitchcock, 1951:275), where 
it was possibly introduced from Russia. It was found in the Baden 
freight yard of the M.-K.-T. Railroad, north of the junction with tracks 
of the Terminal Railroad, four specimens, July 1, 1957 (V. M. 1214). 


Hordeum jubatum L. var. caespitosum (Scribn.) Hitchcock.—This 
variety of a very common St. Louis species is a typical western one; 
the nearest states where it grows are North Dakota and Arizona 
(Hitchcock, 1951:268). Only four specimens were found along the 
. main switch tracks in the Bremen Avenue freight yard of the Terminal 
Railroad, July 4, 1956 (V. M. 995). 


Carex Douglasii Boott.—According to Gleason (1952:I, 305) this 
native western sedge reaches its eastern limit in Iowa. It has been 
observed in the Carrie Avenue freight yard of the Terminal Railroad 
since 1956 as a small colony. The data of collection are: May 8, 
1955, June 24, 1956, June 1, 1957 and June 28, 1958, (V. M. 571, 
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971, 1178, 1424, respectively). The specimens seem to be male, most 
probably a single clone. It is quite astonishing that the plant with- 
stood all destructive powers, especially the weed killers to which the 


whole vegetation of this part of the freight yard is regularly subjected 
each year. 


Carex nebraskensis Dewey.—This American sedge is not mentioned 
by Fernald (1950) nor by Gleason (1952). The data of collection 
are: North St. Louis freight yard of the Burlington Railroad, along 
the 5th switch track counted from the east, June 15, 1957 (V. M. 
1199). Dr. F. J. Hermann, who examined the specimen, expressed the 
opinion that its seeds could have been brought in on box cars. The 


nearest other record according to Hermann (1936) is northwestern 
Kansas. 


Allium Cepa L. var. viviparum Metz.—Escapes of common culti- 
vated plants are frequently overlooked and even if found, not con- 
sidered worthy of reporting. So this plant, like a half dozen of other 
escapes in this list, has no previous record for Missouri. Only two 
specimens were found in an open spot between Davis Street Junction 
of the Missouri-Pacific Railroad, the grain elevator of the same com- 
pany and Van Buren Street, May 30, 1957 (V. M. 1165). This place 
has been visited frequently since 1954, but the Allium was never ob- 
served before 1957. The manner of its introduction is difficult to 


determine. There are no kitchen gardens in the vicinity, nor is the 
place used for dumping. 


Hemerocallis fulua L. var. Kwanso Regel.—Only one plant was 
found in the northeastern corner of the Carrie Avenue freight yard of 
the Rock Island Railroad, opposite the station, July 4, 1957 (V. M. 
1257). Although there was not a trace of dumping in the near 
vicinity, some other escapes, such as Miscanthus sinensis Anderss., 
Polygonum cuspidatum Sieb. & Zucc., Viola tricolor L., Cucurbita 
Pepo L. grew nearby. 


Rumex pulcher L.—This European dock, according to Fernald 
(1950:570) and Gleason (1952: II, 69) is now naturalized in a 
number of states, the nearest to Missouri being Arkansas and Okla- 
homa. This plant was found twice: 1) right-of-way of the Missouri- 
Pacific Railroad opposite its shed at First Street, corner Plum Street, 
one specimen, June 17, 1956 (V. M. 957); 2) two specimens on the 
right-of-way of Missouri-Pacific Railroad, opposite a shed at Second 
Street, corner Ashley Street, July 7, 1957 (V. M. 1261). 


Celosia argentea L. var. cristata (L.) Ktze.—This plant is common- 
ly cultivated. It was found here twice: 1) Baden freight yard of 
M.-K.-T. Railroad between the rails of a switch track south of the 
track scale, one juvenile specimen, September 1, 1957 (V. M. 1354) ; 
2) right-of-way of the Missouri-Pacific Railroad, north of Dover Street, 
where the tracks enter the narrow space between the levee of the 
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Mississippi River and the steep and very high bluff, also one specimen, 
September 14, 1957 (V. M. 1364). There are some gardens on the 
top of the plateau over the bluff and so the seeds could come down 
from there, but the plant grew quite near to the rail, so its transport 
by train is also possible. 


Amaranthus Powellii S. Wats.—According to Gleason (1952:II, 
604) this western amaranth reaches its eastern limits in South Dakota, 
Oregon and West Texas and is adventive from Maine to Pennsylvania. 
In addition Jones and Fuller (1955:194) mention Illinois. The data 
of collection are: 1) the right-of-way of the Terminal Railroad, be- 
tween W. Florissant Avenue and Broadway, opposite the plant of 
Hussmann Refrigerator Company, one specimen, August 28, 1955 (V. 
M. 736); 2) Bremen Avenue freight yard of the Terminal Railroad, 
along the central switch tracks approximately opposite the engine 
house, scattered, July 4, 1958 (V. M. 1435). 


Brassica napus L. ssp. Napobrassica L.—The data for the first 
record of Rutabaga as an escape in Missouri are: four specimens 
along the southern sidings of the grain elevator of the Missouri- 
Pacific Railroad, May 5, 1956 (V. M. 879). 


Chorispora tenella (Willd.) DC.—This Asiatic plant is established 
in the northern states, Massachusetts to lowa and Nebraska, and west 
to Washington (Fernald, 1950:718). One specimen was found in the 
Lesperance Street freight yard of the Missouri-Pacific Railroad, along 
a switch track opposite to the gasometer, June 7, 1958 (V. M. 1412). 


Phaseolus vulgaris L. var. humile Alef. For this commonly culti- 
vated plant, there are no records for Missouri. A large colony was 
found in the Baden freight yard of the M.-K.-T. Railroad around the 
track scale of the yard, June 22, 1957 (V. M. 1228). 


Anthriscus scandicina (Web.) Mansf.—This European plant is 
seldom found in the U. S. Fernald (1950:1091) mentions only 
northeastern Virginia, but Gleason’ (1952:II, 619) adds the Pacific 
coast states. It is also reported from North Carolina (Ahles, Bell and 
Radford, 1958). It was found on a waste place between the Corneli 
Seed Company’s building and Plum Street, near the Missouri-Pacific 
Railroad tracks on First Street; a few specimens, almost overgrown 
by other plants, May 13, 1956, June 17, 1956 (V. M. 887 and 960). 
It was found again the following year at the same place, but now 
forming a colony, May 25, 1957 (V. M. 1150). 


Torilis nodosa (L.) Gaertn.—Gleason (1952: II, 614) reports this 
Mediterranean plant as abundant in the southern states, California 
and Oregon, and occasionally adventive in the range covered by Glea- 
son’s flora. Fernald (1950) does not mention the plant at all. A 
newer report is from North Carolina (Fox, Godfrey and Blomquist, 
1950). In St. Louis it grew near the locality for Paspalum dilatatum 
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and Paspalidium geminatum, previously described in this list. A small 
colony, May 30, 1958 (V. M. 1403). 


Apium graveolens L.—The data for the first record of this escape 
for Missouri are: sidings, jointly owned by Frisco, Rock Island and 
Chicago and Eastern Illinois Railroads, east of the Federal Cold 
storage building (1800 N. Broadway) north of Brooklyn Street, only 
two dwarf, not flowering, but surely recognizable specimens with the 
typical aromatic scent, September 7, 1957 (V. M. 1349). 


Cuscuta indecora Choisy var. neuropetala (Engelm.) Hitchcock.— 
Fernald (1950: 1184) records the range of this parasitic plant to the 
south, to the west and partly to the north of Missouri; it also occurs 
to the east in Illinois. Therefore, there is a possibility that this plant 
could be native in Missouri. -As in the case of Puccinellia airoides, one 
collection on a railroad territory cannot be considered decisive. The 
data of collection are: right-of-way of the Burlington Railroad, be- 
tween East Grand Avenue and Ferry Street, along the sidings, June 
30, 1956 (V. M. 973) ; a large colony, the hosts of the dodder being 
the very common (in St. Louis) Convolvulus arvensis L. and a com- 
pletely dried crucifer probably Erysimum repandum L. 


Amsinckia tessellata Gray.—This native western plant was collected 
five years ago, but determined only in 1959 by Dr. I. M. Johnston. 
The data of collection are: along the tracks of the Manufacturers 
Railway on DeKalb Street, south of President Street, a small colony, 
May 23, 1954 (V. M. 44). It has not been observed since 1954. 


Galeopsis Tetrahit L.—This European plant is now a common 
weed in New England and in the southeastern and northern states 
(Fernald, 1950:1228). Jones and Fuller (1955:404) report it from 
Illinois. The data of collection are: 1) sidings of the local freight 
station of the Wabash Railroad (Third Street at Franklin Avenue) , 
south of Carr Avenue, a single specimen, June 16, 1956 (V. M. 934) ; 
2) Luther freight yard of the Wabash Railroad, by the side of a ramp 
in the northeastern corner of the yard, south of Humboldt Avenue, one 
specimen, June 30, 1956 (V. M. 978) ; 3) right-of-way of the Termi- 
nal Railroad, east of Shreve Avenue, again only one specimen, July 
11, 1956 (V. M. 992). It is curious that all three widely separated 
specimens were discovered in one and the same year—1956; none was 
seen before or since, although this species is quite conspicuous so that 
it would be difficult to suppose that it was continually overlooked. 


Ocimum basilicum L.—This tropical herb is infrequently cultivated 
in Missouri. Only one specimen was found on a recently established 
dumping ground along the Gimblin Road, just east of the Waterworks 
conduit track, where it was accompanied by many other garden 
escapes, September 1, 1957 (V. M. 1333). 


Solanum villosum Mill.—Gleason (1952:III, 199) records this Eu- 
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rasian plant only along the Atlantic coast. Two specimens were found 
in the northeastern part of the Bremen Avenue freight yard of the 


Terminal Railroad along the central switch tracks, July 4, 1958 (V. 
M. 1436). 


Antirrhinum majus L.—Again an escape, not previously reported 
from Missouri. The data of collection are: Carrie Avenue freight yard 
of the Rock Island Railroad, along the communication road running 
along the eastern border of the yard, approximately in the central part, 
a colony, August 25, 1956 (V. M. 1050). Here we have to deal not 
with an adventive plant, but a garden escape. The color of the 
corollas on various specimens differs considerably; some are greenish- 
yellow. The wild plants do not possess such a color; they are mostly 
red with a bright white tube, rarely white or pink with a yellow palate 
(Hegi, 1913: VI, 19). It is worth mentioning that dumping is quite 
frequent along the road. 


Cosmos bipinnatus Cav.—This often cultivated, ornamental Cen- 
tral American plant escapes frequently from culture. The first escaped 
specimen in Missouri was found on the dump described above for 
Ocimum basilicum L., August 30, 1958 (V. M. 1471). 


Artemisia vulgaris L.—Gleason (1952:III, 390) states that this 
European weed is now established throughout most of the eastern 
states. Fernald (1950:1522) cites, among other states, Michigan, 
Wisconsin and Minnesota; Jones and Fuller record it for Illinois 
(1955:465). One specimen was found in the Baden freight yard of 
the M.-K.-T. Railroad. It was badly damaged; the greater part of 


the stem was broken off and lay dried on the ground, August 30, 
1958 (V. M. 1474). 


Artemisia vulgaris L. var. glabra Ledeb.—Collection of this variety 
was made on the right-of-way of the Manufacturers Railway, north of 
Victor Street, opposite to the American Cone & Pretzel Company 
plant, along the fence of Vollmar Bros. Construction Company, a big 
colony, August 23 and October 5, 1958 (V. M. 1467 and 1495). At 
the time of a second visit the colony was destroyed with the exception 
of several individuals. Many dried stems lay around on the ground. 


Senecio vulgaris L.—This native weed of the Old World is widely 
spread throughout most of the temperate zone (Gleason, 1952:III, 
398). Only the Middle West seems to be an exception. There is no 
previous record for this plant from Missouri, but Jones and Fuller 
(1955:512) record it from Illinois. Again a single specimen was 
found, in the Carrie Avenue freight yard of the Terminal Railroad, 
June 28, 1957 (V. M. 1428). 


Centaurea nigra L.—This European plant is now widely established 
according to Gleason (1952:III, 516) in the U.S. Fernald (1950: 
1544) cites several states, the nearest to Missouri being Ohio and 
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Michigan, but the plant occurs in Illinois also (Jones, 1947). It was 
found in the abandoned O'Fallon Street freight yard of the Terminal 
Railroad. When first discovered, there was but one plant, from 
which only fragments were taken. The data of collection are: June 
16, 1956, July 14, 1956 (V. M. 941 and 1014). A small colony de- 
veloped in the next year, one individual being at a distance from the 
original location, July 7, 1957 (V. M. 1262). But further spread of 
this plant did not occur. In the late autumn of 1957 all rails were 
pulled out and in 1958 the entire area (which harbored many other 
interesting and rare species) was paved and transformed into a 
parking lot for trucks. 


Crepis pulchra L.—This European hawk’s-beard is seldom met 
with in the United States. Gleason (1952:III, 528) gives the dis- 
tribution as “ . . . from Virginia, Ohio and Indiana and to be ex- 
pected elsewhere.” It was indeed found soon in North and South 
Carolina (Fox and Godfrey, 1949; Ahles, Bell and Radford, 1958). 
Now one can add Missouri too. One specimen was found in the 
Baden freight yard of the M.-K.-T. Railroad, west of the drinking 
fountain, July 5, 1958 (V. M. 1453). 


Finally, several species are listed, the records for which were 
previously uncertain or incomplete. 


Cyperus  mesochorus Geise. According to Dr. J. A. Steyermark 
(written communication) this is the first definite record from Missouri. 
The collection data are: 1) on the right-of-way of the Wabash Rail- 
road south of the gravel plant at the foot of Branch Street, a colony, 
June 5, 1954 (V. M. 103) ; 2) on a waste place opposite to the Wabash 
Fruit Terminal, west of Collins. Street, a huge clump, September 8, 
1958 (V. M. 1485). 


Carex Schweinitzii Dew.—This sedge is mentioned as native of 
Missouri in several floras, but according to Dr. J. A. Steyermark 
(written communication) he has seen this plant only from a St. Louis 
county record, preserved in the New York Botanical Garden Her- 
barium and identified by the late K. K. Mackenzie. No further 
information is given on the label. The first definite locations of this 
sedge are: 1) in the Carrie Avenue freight yard of the Rock Island 
Railroad, on a large free place south of Carrie Avenue, May 7, 1955 
(V. M. 548) ; 2) in the Baden freight yard of the M.-K.-T. Railroad, 
west of the engine house, a colony in bushes, May 4, 1957 (V. M. 
1136). 


Boerhaavia erecta L.—Gleason (1952:II, 111) mentions that this 
southern plant extends as far north as Arkansas and possibly to 
Missouri. Dr. J. A. Steyermark writes me “reported before, but no 
specimen.” One specimen in the Bremen Avenue freight yard ‘of the 
Terminal Railroad, along the central switch tracks, west of the switch 
shanty, September 1, 1958 (V. M. 1481). 
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On A New Genus of the Family Branchiobdellidae 
(Oligochaeta) 
PERRY C. HOLT 


Virginia Polytechnic Institute, Blacksburg 


As a result of current work devoted to the systematics of the 
Branchiobdellidae, it has become increasingly obvious that a satis- 
factory treatment of the family awaits the completion of detailed 
anatomical studies of the genera which compose it. The erection 
herein of a new genus, which includes the species formerly known as 
Pterodrilus durbini Ellis, is effected in order that an account of the 
anatomy of this species and a related form from Kentucky may be 
offered toward the completion of the task of understanding the evolu- 
tionary relationships of these interesting epizoans on decapods. 

Moore (1895a), in a paper entitled “Pterodrilus, a remarkable 
discodrilid,” established the genus Pterodrilus to receive the species 
P. alicicornus from the mountains of western North Carolina and P. 
distichus from western New York. The most obvious external fea- 
tures of these species are the dorsal bands and projections borne on 
the major annulations of certain body segments. Subsequently, Ellis 
(1918, 1919) recognized two other species of branchiobdellid worms 
with similar dorsal ridges or ridges and processes and assigned them to 
the genus Pterodrilus. He failed, however to give the detailed and 
accurate account of the reproductive system which Moore presented 
for his species. I have found that the internal anatomy of P. durbini 
is markedly at variance with that of the species Moore included in 
Pterodrilus, and this worm deserves, perhaps even more than P. alci- 
cornus and P. distichus, to be described as “remarkable.” The bursa 
is quite unlike that of the species of Pterodrilus, there is no sper- 
matheca, and the clitellum is developed to an extent not equalled 
in any other known American branchiobdellid. 

Since Ellis’ original description of P. durbini, the only other 
reference to the species is Goodnight’s (1940) statement that the 
single specimen examined by him agreed closely with Ellis’ descrip- 
tion. Goodnight said nothing as to the provenance of the specimen 
he saw. 

The species does appear to be both localized and scarce. But 
during an extensive collecting trip in the summer of 1958, I was so 
fortunate as to take animals from Parke County, Indiana, which, on 
the basis of a direct comparison with Ellis’s holotype of P. durbini, 
are conspecific with this type specimen. In addition, material of a 
related species was taken in central Kentucky. 

This material has been studied both as whole mounts and serial 
sections. The animals were fixed in 4 percent formalin in 70 percent 
alcohol and preserved in 70 percent alcohol. Whole mounts were 
made by dehydrating, clearing and mounting unstained animals in 
balsam. Serial sections were prepared according to the usual methods 
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and stained in Delafield’s hematoxylin and eosin. All drawings were 
made with the aid of a camera lucida, using the equipment and 
methods previously described (Holt and Hoffman, 1959). My cata- 
log numbers for collections are indicated by the initials PCH. 
Acknowledgment.—Financial support for my investigations of branchiobdel- 
lid systematics has been furnished by a grant (G-4439) from the National 
Science Foundation. In addition, I am grateful to Dr. Fenner A. Chace, 
Curator of Marine Invertebrates, United States National Museum, for permit- 
ting me to study the type material of Pterodrilus durbini and to Dr. Horton H. 
Hobbs, Jr., of the University of Virginia, for identifying the host crayfish. 


Genus Ellisodrilus,! new genus 
Pterodrilus, Ellis 1918 (in part); Pterodrilus, Ellis 1919 (in part); Ptero- 
drilus, Goodnight, 1940 (in part). 
Type species.—Ellisodrilus clitellatus, new species (here designated). 


Diagnosis—Small branchiobdellid worms belonging to the sub- 
family, Cambarincolinae Goodnight, 1940; with a prominent clitel- 
lum on segments VI and VII; with a muscular eversible bursa; penis 
non-eversible; prostate incompletely separated from the spermiducal 
gland; without a spermatheca; anterior nephridial ducts opening to 
the outside through a common pore on the dorsum of segment III; 
jaws anisomorphic, subhomodont, dental formula 5-4 in known 
species. 


Ellisodrilus clitellatus, new species 
(Figures 1-4) 


Diagnosis—Small worms slightly less than 1.5 mm in average 
length (preserved material) ; with a raised ridge on the dorsum of 
the major annulation of segment VIII, without such ridges on other 
segments; bursa expanded in the equatorial plane, with a prominent 
anterior lobe; spermiducal gland tapering ectally; prostate subequal 
in diameter to the spermiducal gland; prostatic bulb obscure, evident 
only in sections. 

Type specimens.—Holotype, U.S.N.M. No. 29935; one paratype, U.S.N.M. 
No. 29936 and eighteen paratypes retained in my collections (PCH 827), from 
Adair County, Kentucky. 

Distribution and specimens examined.—Ellisodrilus clitellatus has 
been taken from the following localities in Kentucky: Metcalfe 
County, 3.4 miles east of Edmonton on U.S. Highway 68, from Or- 
conectes juvenilis (Hagen). V. F. Holt and P. C. Holt, July 28, 1958. 
Five specimens mounted entire (PCH 824); Adair County, 8.9 
miles east of Columbia on Ky. Highway 80, from Cambarus distans 
Rhoades. Type locality. V. F. Holt and P. C. Holt, July 28, 1958. 
In addition to the types noted above eight serially sectioned specimens 
(PCH 827). 


1 Named in honor of the late Professor Max M. Ellis, American student of 
the branchiobdellids and author of one of the included species. 
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Distribution and affinities——Members of the genus Ellisodrilus are 
known from Michigan, Indiana and Kentucky. Although collections 
of branchiobdellids from these regions are not extensive, the rarity 
with which members of the genus appear in a series of collections 
taken by me in Indiana and Kentucky and their absence until now 
in records from Tennessee, Arkansas and Wisconsin, regions equally 
well represented in collections, lead to the conclusion that Ellisodrilus 
is a genus endemic to the northeastern part of the Mississippi Valley 
and the central Great Lakes drainage. The affinities of the genus 
seem to lie with the large and widespread genus Cambarincola and 
the related genus Pterodrilus. The presence in animals belonging to 
the genus Ellisodrilus of a common opening of the anterior nephridia, 
a prostate gland, an eversible bursa, and non-eversible penis allies it 
with the two genera mentioned. More remotely, Ellisodrilus may be 
related to Ceratodrilus (Holt, 1960) which differs among other 
respects from these genera in the eversible nature of the penis. If this 
hypothesis of generic relationships is confirmed, Ellisodrilus and 
Pterodrilus are specialized offshoots of a common cambarincolid stock. 
The geographic and ecological factors which might explain this diver- 
sification are at present quite unknown and speculation about Tertiary 
and post-Pleistocene conditions in the midcontinental region of North 
America is unwarranted in this connection. 


Discussion —Ellisodrilus clitellatus is a small worm (1.43 mm, 
average length; range 1.12-1.69 mm, Fig. 1). The head is about 
one-fifth of the total body length and subequal in diameter to that of 
segment I and the sucker. Segment VII is the largest segment in diam- 
eter with segment VI approaching it in size. The greater diameter 
of these segments is accounted for by the well-developed clitellum 
borne by them. The clitellum of branchiobdellids is not the well- 
developed and distinctive structure that it is in terrestrial oligochaetes, 
but the body wall of the last two genital segments (VI and VII) is 
always glandular. The glandular nature of these segments is not, 
however, usually apparent in material mounted entire. In the species 
of Ellisodrilus there is an obvious clitellum which accounts in large 
part for the distinctive appearance of the worms. The clitellum is 
absent on the ventral surface of segment VI, but it completely 
encircles segment VII. The other distinguishing feature of the exter- 
nal appearance of E. clitellatus is the raised ridge present on the 
dorsum of the major annulation of segment VIII. There have been 
frequent references to such ridges, and the projections they sometimes 
bear, not only in the genus Pterodrilus, which was originally described 
on the basis of such “appendages,” but also in the genus Cambarin- 
cola. Ellis (1918, 1919) noted the presence of “raised major annula- 
tions” as one of the distinguishing characteristics of his species, Cam- 
barincola chirocephala. The degree of contraction of the animals, 
which may vary with the nature of the killing and preserving fluids 
used, almost surely affects the degree to which the anterior annula- 
tions of the body segments are elevated over the posterior ones. None- 
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theless, the transverse ridge borne on segment VIII of E. clitellatus 
is real and is accounted for by the presence of supernumerary longi- 
tudinal muscles which are located dorsal to the regular ones of the 
body wall and insert on the anterior and posterior margins of the 
major (anterior) annulation (Fig. 7). These supernumerary muscles 
are absent in the other segments of the body and the contraction of 
the longitudinal muscles consequent on fixation produces a generally 
smooth body outline (Fig. 1). 

The jaws of E. clitellatus are anisomorphic, subhomodont, i. e., 
the teeth or denticles they bear are of approximately equal size, and 
the dental formula is 5-4 (Fig. 4). There is little, if anything, to dis- 
tinguish them from those of E. durbini as described by Ellis (1919). 

It is difficult to determine the position of the opening or openings 
of the anterior nephridia in whole mounts. Those of E. clitellatus 
open through a common pore on the dorsum of segment III. 

The male reproductive system of the genus Ellisodrilus is dis- 
tinctive. No attempt was made to measure or figure the male funnels, 
efferent or deferent ducts. They are all quite small in diameter, in 
keeping with the small size of the worms. The funnels are cylindrical 
in shape. The spermiducal gland (see Holt, 1960, for the nomen- 
clature applied to the organs of the branchiobdellid reproductive 
systems) lies longitudinally in the coelom of segment VI, its dorsal 
border reaching almost, if not quite, to the dorsal border of the 
coelom. The gland tapers appreciably ectad as it approaches its 
junction with the ejaculatory duct (Fig. 2). The ental points of 
entry of the vasa deferentia into the gland lie close together and are 
not readily apparent in whole mounts. 

Associated with the spermiducal gland is the structure Ellis called 
the “accessory sperm tube” which is referred to here as the “prostate.” 
In the genus Cambarincola this structure, which ends blindly entally, 
empties into the ejaculatory duct in common with the spermiducal 
gland. In species of Pterodrilus (Moore, 1895a) it is incompletely 
separated from the spermiducal gland and in those of Ceratodrilus 
(Holt, 1960) it is reduced to a prostatic bulb on the side of the sper- 
miducal gland. In E. clitellatus the prostate is incompletely separated 
from the spermiducal gland as in Pterodrilus, but it differs from the 
species of the latter genus in possessing a prostatic bulb, although this 
modification consisting of flattened epithelial cells at the blind ental 
end of the prostate is only readily seen in sections. The prostate of 
E. clitellatus differs from that of E. durbini as described below in 
being for the course of its distinctness as a lobe of the spermiducal 
gland approximately equal in diameter to the latter (Figs. 2 and 6). 
In some species of Cambarincola (Holt, 1949; Hoffman, in ms.) the 
prostate is composed of glandular cells which lack visible secretory 
granules and hence are different in appearance from those of the 
spermiducal gland. In the species of Ellisodrilus the prostate is com- 


posed of cells similar to those of the spermiducal gland as far as can 
be ascertained. 
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The ejaculatory duct of E. clitellatus resembles in structure that 
of other branchiobdellids (Holt, 1949). It courses along the posterior 
dorsal surface of the bursa and then turns mesad to enter the bursa 
at its posterior mesial border. There is really no differentiated penis 
present, the ejaculatory duct simply passes through the wali of the 
bursa and ends as a pore on the inner surface of the latter. 

The bursa is one of the two remarkable features of the reproduc- 
tive system. Basically it is a modification of the type of bursa found 
in the genus Cambarincola (Holt, 1949). The atrial or ectal part 
differs only in being elongated in the axis of the bursa (Fig. 3). The 
elongation of the atrium is produced by the unusually great develop- 
ment of the inwardly projecting circular fold of the bursal wall, the 
inner margin of which forms the rim of the cup-like everted bursa 
in the species of Cambarincola and Pterodrilus, which likewise have 
an eversible bursa and a non-eversible penis. The portion of the 
bursa which would form the penial sheath in other branchiobdellids 
is in E. clitellatus greatly expanded and produced into sac-like mus- 
cular lobes (Figs. 2 and 3) and there is, as noted above, no true 
penis. The everted bursa of E. clitellatus has not been seen, but it 
probably appears as a widely flaring and ruffled cup-shaped structure 
with a balloon-like projection within the “cup” composed of the ental 
expanded part and carrying at its outer — in the everted condition — 
border the opening of the ejaculatory duct. 

The second really remarkable feature of the reproductive systems 
of Ellisodrilus is the complete absence of a spermatheca. Segment V, 
the normal location of the spermatheca, contains the usual amount of 
spermatogenic tissue and a pair of male funnels and efferent ducts 
and nothing else in the way of reproductive structures. No means of 
fertilization has been observed and the functioning of the elaborate 
structure of the male apparatus would seem to involve some form of 
“hypodermic” impregnation. But no evidences of this have been 
observed and speculation in the present state of knowledge of these 
worms is futile. 


Ellisodrilus durbini (Ellis) 
(Figures 5-7) 

Pterodrilus durbini, Ellis, 1918; Pterodrilus durbini, Ellis, 1919; Pterodrilus 
durbini, Goodnight, 1940. ' 

Diagnosis ——Small worms, slightly more than 1.5 mm in average 
length (preserved material) ; with raised ridges on the major annula- 
tions of segments II, III, IV, V, VII, and VIII; bursa expanded but 
anterior lobe not as prominent as in E. clitellatus; spermiducal gland 
cylindrical throughout its length; diameter of prostate approximately 
one-half that of the spermiducal gland; prostatic bulb often obscure 
in whole mounts. 


Type specimens.—Holotype and two paratypes, U.S.N.M. No. 17655, Mad- 
ison County, Indiana. 


Distribution and specimens examined.—E. durbini is known from 
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Indiana and Michigan. I have examined materials from the follow- 
ing localities in Indiana: Madison County, White River at Irondale 
near Anderson, from Cambarus rusticus Girard. Type locality. Max 
M. Ellis, August, 1916. Holotype and two paratypes, U.S.N.M. No. 
17655. Parke County, 4.2 miles north of Rockville on U.S. Highway 
41, from Orconectes propinquus propinquus (Girard). V. F. Holt 
and P. C. Holt, July 26, 1958. Five specimens mounted entire (PCH 
806) . 

In addition to the above cited records, Ellis (1918) reported E. 
durbini from Cambarus virilis Hagen at seven localities in the vicinity 
of Potagannissing Bay, Michigan. 


Discussion.—The name durbini for a species of branchiobdellid 


Figs. 1-4. Ellisodrilus clitellatus, n. sp. 1. Outline drawing of type specimen. 
2. Lateral view, male reproductive system. 3. Diagrammatic sketch of section 
through bursa. 4. Sketch of jaws. Figs. 5-7.—Ellisodrilus durbini (Ellis). 5. 
Outline drawing. 6. Lateral view, male reproductive system. 7. Longitudinal 
section through dorsal ridge of segment VIII. Abbreviations: a, atrium of 
bursa; 6, bursa; ejd, ejaculatory duct; pr, prostate; ps, penial sheath; sm, super- 
numerary muscle fiber; spg, spermiducal gland; vd, vas deferens. 


cS 
Fig.4 
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dates from 1918 when Ellis included it in a key to the branchiobdellids 
of northern Michigan and assigned the species to the genus Ptero- 
drilus. Since this key consists of a list of diagnostic characters, the 
name durbini used in it would seem to constitute a valid proposal of 
a species name. But Ellis obviously intended that his paper published 
in 1919, which had been submitted for publication prior to the 
writing of the 1918 one, should have priority, and this paper contains 
the formal description of durbini and designates the type specimen. 


Ellis made his generic assignment of the species on the basis of 
the raised ridges which characterize it. These ridges are found in 
species of several genera of branchiobdellids and can no longer be 
considered diagnostic of the genus Pterodrilus. Their nature has been 
discussed above. Ellis’ species durbini clearly belongs with Ellisodrilus 
clitellatus and the absence of a spermatheca, along with other char- 
acters, in these species is certainly of generic importance. 


One or two discrepancies between Ellis’ (1919) description and 
the holotype designated by him, discrepancies which apply also to the 
animals from Parke County, Indiana, must be considered. Ellis 
stated that durbini possesses a tubular spermatheca. There is, how- 
ever, no spermatheca in the animals designated as types! The only 
possible explanation is that this statement is based on the confusion 
of worms of another species from the same collection as the types of 


durbini with the latter. Such errors made by Ellis, and perhaps other 
earlier workers on the branchiobdellids, are due to the invalid as- 
sumption that a general correspondence in external appearance indi- 
cates a correspondence in internal structure and the failure to realize 
that one collection may include representatives of several species of 
worms. 


Of less importance is the statement (Ellis, 1919) that there is a 
raised ridge on segment VI of durbini. This ridge is absent in the 
specimens from Parke County, Indiana. The types are strongly con- 
tracted and stained with carmine. The clitellum of segment VI of 
these specimens is indeed raised and it is impossible, due to the stain- 
ing, to determine whether segment VI of the types has the super- 
numery muscles which produce a true raised ridge. It is assumed 
here that the raised appearance of segment VI in the types is ac- 
counted for by contraction of the animals and the clitellum. Of 
similar import are Ellis’ statements concerning the “funnel-like” 
nature of the ridges on segments VII and VIII of his animals. This 
appearance of the types is produced by the clitellum in the contracted 
state of these animals. The two “horns” on the elevation of segment 
VIII of the types which Ellis mentioned, cannot be detected either 
in the types or any of the other animals examined. 

E. durbini appears to be a somewhat larger animal than E. clitel- 
latus, eight specimens of the former, including the types, average 1.64 
mm in length (range 1.34-1.85 mm). The bodily proportions of 
the two species are similar and externally they differ only in the pre- 
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viously noted presence of ridges on the dorsa of other segments than 
VIII in E. durbini (Fig. 5). 

Except for the differences in external anatomy and in the spermi- 
ducal gland, prostate and bursa discussed above, the two species are 
quite similar and no obvious differences were noted. 


SUMMARY 


The genus Ellisodrilus is defined and its affinities discussed. 

A new species, Ellisodrilus clitellatus Holt, is diagnosed and desig- 
nated the generotype. 

Ellisodrilus durbini (Ellis) is removed from the genus Pterodrilus 
and the two species are compared. 
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Electromigration Properties of Mammalian 
Hemoglobins as Taxonomic Criteria 


CHARLES W. FOREMAN 
Pfeiffer College, Misenheimer, North Carolina 


INTRODUCTION 


In recent years many investigators have become interested in the 
comparative aspects of electromigration properties of specific animal 
proteins, and while many different proteins have been studied from 
this aspect, more work has been done on plasma proteins and hemo- 
globins than on all the others combined. Undoubtedly these two 
types have enjoyed this popularity because of the ease with which 
they may be obtained and purified. Since the plasma proteins may 
be affected by many environmental factors such as diet, temperature, 
and disease, the hemoglobins are probably better suited, from the 
standpoint of reproducibility, for comparative studies. 

Several workers (Cabannes and Serain, 1955; Rodnan and 
Ebaugh, 1957; and Saha et al. 1957) have shown that within the 
vertebrate classes the hemoglobins of many species may differ from 
each other in electrophoretic mobility and in the number of separable 
hemoglobin components. However, the animals chosen by these 
workers were usually those available from domestic stocks and taxo- 
nomic relationships were so remote that little could be inferred con- 
cerning a possible correlation between phylogeny and hemoglobin 
types. Dessauer et al. (1957), on the other hand, have compared, 
within the Reptilia and Amphibia, animals of distant and close taxo- 
nomic kinships and have found consistent correlations between hemo- 
globin electrophoretic properties and phylogeny. These latter authors, 
while they suggested further st’ dy by other investigators, presented 
data showing that species within a genus and sometimes races within 
a single species might be distinguished by definite, though slight, dif- 
ferences in hemoglobin mobilities. Species more distantly related 
showed greater differences; however, the correlation between these 
differences and phylogeny, these authors state, is not sufficiently sys- 
tematic to permit one to assign an animal to the proper category 
above the level of genus on the basis of hemoglobin ionograms alone. 

It was felt that a similar study of mammals might prove equally 
enlightening. Since the author (1954) had previously investigated 
the hemoglobin-oxygen affinity of rodents, and since these are the 
most readily available wild mammals, the rodents were selected as the 
principal subjects for this investigation. Thus, in one study it should 
be possible to determine whether or not there are systematic relations 
among oxygen affinities, electromigration properties, and taxonomic 
kinships of specific hemoglobins. 

I wish to express to the National Science Foundation my appreci- 
ation for the funds provided for the pursuit of this study. 
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MATERIALS 


The following species were employed in this investigation. 


CARNIVORA 
Bobcat (B) Lynx rufus 
LAGOMORPHA 
Eastern Cottontail (A) Sylvilagus floridanus 
RODENTIA 
SCIURIDAE 
Eastern Chipmunk (D) Tamias striatus 
Gray Squirrel (A) Sciurus carolinensis 
Red Squirrel (C) Tamiasciurus hudsonicus 
Flying Squirrel (C) Glaucomys volans 
ZAPODIDAE 
Jumping Mouse (C) Napaeozapus insignis 
MURIDAE 
Norway Rat (A) Rattus norvegicus 
House Mouse (A) Mus musculus 
CRICETIDAE 
Red-backed Mouse (C) Clethrionomys gapperi 
Meadow Vole (A, D) Microtus pennsylvanicus 
Muskrat (A) Ondatra zibethicus 
Golden Hamster Mesocricetus auratus 
Rice Rat (E) Oryzomys palustris 
Cotton Rat (A, E) Sigmodon hispidus 
Harvest Mouse (A, E) Reithrodontomys humulis 
Golden Mouse (A, C, E) Peromyscus nuttalli 
Cotton Mouse (E) Peromyscus gossypinus 
White-footed Mouse (A, C, D) Peromyscus leucopus 
Deer Mouse (C) Peromyscus maniculatus 
Oldfield Mouse (E) Peromyscus polionotus 


The above classification and scientific names, except Mesocricetus, 
are from Hall and Kelson (1959), and each individual has been care- 
fully identified with the aid of descriptions and distribution maps 
from this work. Several questionable identifications were confirmed 
by comparison with known specimens in the Mammal Collection of 
the Department Zoology of North Carolina State College. No at- 
tempt was made to identify subspecies; however, the letters following 
the vernacular names indicate the sites of collection according to the 
following code: A—Stanly County, North Carolina; B—Montgom- 
ery County, North Carolina; C—Macon County, North Carolina; 
D—Lackawanna County, Pennsylvania; E—Colquitt County, 
Georgia. 

METHOpDS 


Blood samples were drawn by heart puncture from lightly etherized 
mammals with a 2 cc syringe and a 20 ga needle using heparin as an 
anticoagulant. From 0.5 to 2 cc of blood was then added to 7 cc of 
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isotonic saline in a centrifuge tube, was shaken thoroughly, and was 
centrifuged. The supernatent was discarded by aspiration, and this 
washing was repeated three times to remove all plasma constituents. 
The packed red cells, after washing, were lysed with two volumes of 
distilled water. The resulting hemoglobin solution was centrifuged 
at high speed for 30 minutes before being applied to paper strips for 
electrophoresis. For most species some hemoglobin solutions were 
shaken for five minutes with .5 volumes of toluene before the final 
centrifugation, as recommended by Drabkin (1946). This extraction 
with toluene made very little difference in the ionograms, and mobili- 
ties were more reproducible when this step was omitted. In view of 
this fact, and since several hemoglobins (especially those of the cotton 
rat and flying squirrel, tended to precipitate upon shaking with 
toluene, the mobilities in Figure 1 were measured from ionograms 
obtained from hemoglobin solutions without toluene extraction. 

All ionograms were obtained from a Spinco Model R series D, 
Durrum-type paper electrophoresis cell, using a Heath Company PS-4 
as a source of constant voltage. For all species standard ionograms were 
obtained using a barbital buffer at pH 8.6, ionic strength .0225 in 
a 15 percent glycerol solution with Schleicher and Schuell 2043A mgl 
paper strips. A constant voltage of 10 volts/cm was maintained for 
8.0 hours at room temperature (20-27°C). Under these standard 
conditions the total distance that the hemoglobins moved on the 
paper strips was very nearly a linear function of time. This standard 
was chosen when it offered the greatest reliability after many trial 
runs with other voltages and various buffers at different pH. For 
most species additional ionograms were obtained at pH 9.2 with 
other conditions similar to those of the standard ionograms. For a 
few species ionograms were obtained using a borate buffer at pH 9.0. 
These additional ionograms were run in compliance with a suggestion 
by Itano (1957) that some hemoglobins might appear to be electro- 
phoretically homogeneous under one set of conditions, while in other 
buffers of different pH they might be resolved into separable com- 
ponents. However, no significant differences were noted between 
standard and other ionograms obtained from the same hemoglobin 
solutions. 

All ionograms were dried immediately for 30 minutes at 120- 
130°C and were finally stained with bromphenol blue dye and 
scanned with a Photovolt electronic densitometer, Model 525. From 
the scannings the mobility of each separate peak was measured and 
relative mobilities were established by comparison with human hemo- 
globin A under identical conditions. 

Most hemoglobin solutions were run in duplicates which were 
usually not measurably different in mobility; nevertheless, occasional 
duplicates on adjacent strips would differ by as much as 10 percent. 
This would suggest a maximum experimental error in relative mobil- 
ities of about + 5 percent when all controllable parameters were kept 
constant within the standard conditions. The relative mobilities 
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Fig. 1—Graphic representation of typical hemoglobin ionograms. See text 
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reported here are probably somewhat different from those that might 
be obtained from moving boundary electrophoresis or from zone 
electrophoresis where other supporting media were employed. The 
reader is referred to McDonald (1955) for a discussion of mobility 
determinations in stabilized media. 


RESULTS 


Figure 1 summarizes the principal findings of this study. In this 
graph the distance from the origin may be read directly as the rela- 
tive mobility; thus human hemoglobin A occupies the position 1.0. 
The numbers in parentheses indicate the number of individuals show- 
ing typical hemoglobin for each species. For those species with more 
than one hemoglobin the heights of the bars are constructed to indi- 
cate the relative proportions of each separable component as esti- 
mated from the scanning patterns described above. These propor- 
tions are only approximate, for they do not represent area measure- 
ments under absorption curves; instead, the proportions were 
obtained by measuring the heights of absorption peaks for each 
separable component. With these measurements as a guide, the 
height of the absorption peak for the major component was arbi- 
trarily plotted on the graph to equal one; the heights of other com- 
ponents were then plotted to scale according to the ratio of the 
height of their absorption peak to that of the major component. Due 
to the high tendency of paper strips to adsorb hemoglobins and to 
the consequent excessive streaming, area measurements are imprac- 
tical — especially when two components are not completely separated. 

It may be readily noted that nearly half the species examined 
showed multiple hemoglobins, and that these, with the exception of 
the Norway rat, show a major component preceded by one or more 
minor components of higher mobility. This latter relationship is 
reversed in the Norway rat, and only the Norway rat and cotton 
mouse were found to possess more than two electrophoretically separ- 
able hemoglobins. Furthermore, only the Norway rat shows hemo- 
globins that migrate toward the cathode. 

The mammals in Figure 1 are arranged so that members of taxo- 
nomic groups are together, and certain systematic relationships are 
thereby made more obvious. Thus, the similarities of the hemoglobins 
of the five species of Peromyscus are readily apparent. The major 
components of the hemoglobins of P. leucopus, P. gossypinus, and P. 
nuttalli seem to have the same relative mobility; however, the three 
specific hemoglobins are readily distinguishable, for they are charac- 
terized by one, two, and no minor components respectively. The 
major hemoglobin components of P. maniculatus and P. polionotus 
show almost identical relative mobilities which are slightly less than 
those of corresponding components of the other species of this genus; 
however, the difference lies within the range of experimental error 
and may not be significant. It should be noted that Reithrodontomys 


182 THe AMERICAN MIDLAND NATURALIST 64(1) 


humulus hemoglobins resemble those of Peromyscus. One other rela- 
tionship stands out: all three members examined of the subfamily 
Microtinae (Ondatra zebethicus, Microtus pennsylvanicus, and 
Clethrionomys gapperi) show single hemoglobins of almost iden- 
tical mobility. Similarities of electromigration properties, to be sure, 
do not necessarily reflect similarities of molecular structure nor of 
phylogenetic kinship, for the hemoglobins of the bobcat and house 
mouse are barely distinguishable when such properties are consid- 
ered alone. 

The hemoglobin patterns shown in Figure 1 are those most fre- 
quently found for the indicated species, and for 18 of the 21 species 
examined there were no measurable departures from these patterns. 
This fact is remarkable, for five species (see the list of subjects above) 
were represented by individuals collected from trapping stations sep- 
arated by hundreds of miles. For three species, cotton mouse 
(Peromyscus gossypinus), white-footed mouse (Peromyscus leuco- 
pus), and cotton rat (Sigmodon hispidus), aberrant individuals were 
found with hemoglobin ionograms quite different from the typical 
ones presented in Figure 1. These three species must be considered 
individually. 

Absorption curves were obtained by transmission scanning of 
hemoglobin ionograms of normal human hemoglobin and _ typical 
and aberrant cotton rats, cotton mice, and white-footed mice (Fig. 
2). That for cotton mouse No. 105 is like the ten typical ones dia- 
grammed in Figure 1. One additional cotton mouse, No. 83, is aber- 
rant in that the middle hemoglobin component is lacking and the 
faster minor component occurs in several times the typical concentra- 
tion. At this writing the latter mouse is still alive and has been 
checked three times to determine whether or not his aberrant pat- 
tern may change. So far, no change has been detected. An attempt 
is being made to breed him to a typical cotton mouse and to explore 
the genetics of this aberration. 

Out of 18 white-footed mice from Lackawanna County, Pennsyl- 
vania, one, No. 159, presented the unusual pattern shown in Figure 
2; the other 17 presented hemoglobin ionograms indistinguishable 
from those of 14 taken in Stanly County, North Carolina, and two 
more from Macon County, North Carolina. White-footed mouse, No. 
160, in Figure 2 shows the typical absorption curve for this species 
with a major component and one slightly faster minor component. 
White-footed mouse, No. 159, is clearly aberrant by having the pro- 
portions between these two components almost exactly reversed. Un- 
fortunately, this mouse died before any other data could be obtained. 

From the standpoint of aberrant individuals, the cotton rat is 
most interesting. The typical pattern presented for this species in 
Figure 1 and for cotton rat No. 181 in Figure 2 was shown by 21 rats 
from Stanly County, North Carolina, and by 7 from Colquitt County, 
Georgia. In addition to these typical ones, two were taken in Stanly 
County with hemoglobin ionograms like that of cotton rat No. 150 
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in Figure 2, and two more similar ones were caught in Colquitt 
County. Only in Colquitt County, Georgia, where two were collected, 
were cotton rats like No. 149 in Figure 2 taken. Breeding experiments 
have been started with these aberrant animals, and the offspring 
obtained so far indicate that these hemoglobin electromigration pat- 
terns are genetically determined, probably by a single pair of genes; 
however, more data are needed to confirm this hypothesis. These 
breeding experiments will be continued. 

In Figure 2 the small peaks at the origins are probably the results 
of small amounts of cellular debris that was not removed during the 
final centrifugation. When the hemoglobin solutions were shaken 
with toluene prior to centrifugation, these peaks at the origin failed 
to show. They are, therefore, thought to be of no significance. 


Normal human White-footed mouse No. 160 


Cotton rat No, 181 White-footed mouse No. 159 


Cotton rat No. 150 Cotton mouse No. 105 


| 


Cotton rat No. 149 Cotton mouse No. 83 


Fig. 2.—Scanning curves obtained by transmission densitometry of 
hemoglobin ionograms. See text 
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DISCUSSION 


The data recorded in Figure 1 suggest that very closely related 
species may show certain similarities in the electromigration proper- 
ties of their hemoglobins. Such similarities are clearly demonstrated 
in the genus Peromyscus. P. nuttalli, P. leucopus, and P. gossypinus 
seem to share a slow major component and differ from each other in 
the numbers of minor components. The slightly lower relative mobil- 
ities of the major components of P. maniculatus and P. polionotus, if 
real, are particularly noteworthy, for Dice (1940) reported that, in 
spite of their considerable morphological differences, these species 
interbreed freely in the laboratory and produce fertile offspring. Dice 
also reported a similar relationship between P. leucopus and P. gos- 
sypinus, even though these latter species remain intact in areas where 
both may be found. Dice was unable to obtain crosses between these 
two groups; e. g., P. leucopus will not cross with P. maniculatus. 
Similarities of electromigration properties may possibly extend to 
the hemoglobins of closely related genera, for Reithrodontomys 
humulis shows a hemoglobin ionogram very similar to that of P. 
leucopus, and representatives of the three genera in the subfamily 
Microtinae (mammals 10 through 12, Fig. 1) are almost indistin- 
guishable in this regard. On the other hand, within the subfamily 
Cricetinae (mammals 14 through 21, Fig. 1) there is as much varia- 
tion of ionogram type as there is between members of different orders. 
That P. nuttalli is the only species of Peromyscus examined which 
does not show more than one hemoglobin is relevant to Hooper’s 
(1958) recent proposal that this species be elevated to a separate 
genus, Ochrotomys. 

It is proposed that intrageneric differences of hemoglobin electro- 
migration properties may serve as useful taxonomic criteria in the 
identification of morphologically similar species. Such use might be 
made of this criterion where the species P. leucopus and P. gossypinus 
have overlapping distributions. Even as adults these species may be 
distinguished in certain areas only by small quantitative differences 
in morphology, and the young of these species are almost identical. 
However, the young may be separated quite readily when their hemo- 
globin ionograms are compared. It must be pointed out that electro- 
migration properties, as amply demonstrated by the cotton rat, may 
show individual departures from type and, therefore, offer no unique 
advantages. Like other taxonomic criteria, hemoglobin ionograms 
must be considered in combination with other characteristics and 
must be evaluated by persons with experience in each local situation. 

That so many species with multiple hemoglobins should show 
major components with lower mobilities than the minor components 
is remarkable, for Buhler and Shanks (1959) report that the reverse 
is generally true in fishes. No physiological advantages nor dis- 
advantages are known to be associated with these multiple hemo- 
globins. 


Breeding experiments in progress here suggest that the deviations 
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cited above for certain individual cotton rats are the results of differ- 
ent combinations of a single pair of genes. The same is probably true 
for the deviant cotton mouse and white-footed mouse, for Gluecksohn- 
Waelsch et al. (1957), Russell and Gerald (1958), and Welling and 
Bekkum (1958) have shown somewhat similar deviations to be deter- 
mined by single gene pairs in the laboratory mouse. If all the devia- 
tions reported here are the result of mutant genes, the loci concerned 
with hemoglobin production in rodents must be highly mutable. The 
frequency and distribution of these aberrations in wild populations 
certainly deserves further study. 

The electromigration properties of specific hemoglobins reported 
here have been carefully compared with the hemoglobin-oxygen 
affinities established previously by the author (1954) for nine of the 
same species. There seems to be no correlation between oxygen affini- 
ties of specific hemoglobins and their electrophoretic mobilities. 


SUMMARY 


Results are presented of electrophoretic analyses of the hemo- 
globins of 161 individuals representing 21 species of mammals chosen 
carefully so that distantly related species might be compared with 
closely related ones. The following conclusions are demonstrated and 
discussed. 

Individuals of the same species may, with few exceptions, exhibit 


characteristic hemoglobin ionograms that do not vary appreciably 
even though these individuals are taken from collecting stations sep- 
arated by hundreds of miles. 

Closely related species usually show striking similarities of hemo- 
globin electrophoretic patterns while distantly related species may or 
may not show such similarities. 

Since it is shown that member species of a single genus may often 
be readily distinguished by definite, though slight, differences between 
the electromigration properties of their hemoglobins, it is proposed 
that hemoglobin ionograms may sometimes serve as useful taxonomic 
criteria with which to identify species that are morphologically very 
similar. 

_ Somewhat rarely certain individuals may show hemoglobin iono- 
grams that are markedly atypical for their species. 

By comparing the hemoglobin ionograms of nine of the above 
species with the oxygen dissociation curves that the author had pre- 
viously established, it was concluded that no correlation exists between 
hemoglobin electromigration properties and oxygen affinity. 
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A Seven-Year Study of Cone Production as Related to 
Xylem Layers and Temperature in Pinus ponderosa 


R. DAUBENMIRE 
Washington State University, Pullman 


In 1955 the writer published the results of a study of the thickness 
of xylem layers in Pinus ponderosa and three other tree taxa, all of 
which were sampled near their upper and lower limits of altitudinal 
distribution in eastern Washington and northern Idaho. No correla- 
tion with either temperature or precipitation, or their combined influ- 
ence on the environmental water balance, could be found at either 
distributional extreme. One possible explanation is that whereas tem- 
perature and/or moisture might well set altitudinal limits through 
their control over seedling success, climate would not necessarily exert 
a critical control over xylem production. That is, the prevailing wet- 
ness of the soils at the start of summer might carry the plants along 
until the time of endogenous cessation of cambial activity in midsum- 
mer (Daubenmire, 1946; Daubenmire and Deters, 1947), but seed- 
lings become increasingly vulnerable to drought throughout summer. 
Another possibility is that variations in fruiting habits of the trees 
might make periodically heavy demands on metabolites which could 
obscure weather influences in large measure. This paper presents the 
results of a study aimed primarily at determining what influence, if 
any, variations in cone production may have on the annual xylem in- 
crements of Pinus ponderosa in the same region as the first study men- 
tioned. 

LirERATURE REVIEW 


Abundant fruiting, which commonly is not an annual event in the 
life of even a vigorous tree, tends to channel metabolites into the en- 
larging fruits. This is often reflected in reduced xylem production of 
the current season, and is sometimes carried over in part into the fol- 
lowing summer. 

Pyrus malus is notorious for its propensity for bearing fruit only 
on alternate years. Cambial growth is normally limited on the crop 
years (Overholser et al., 1941, Singh, 1948; Wilcox, 1937) although 
McMunn (1939) found that a tree must bear more than 20 bushels 
of apples to show a narrowed xylem layer for that year. In northern 
New Brunswick nearly all Abies balsamea trees also exhibit this ten- 
dency for biennial bearing, and cone crops are associated with both 
narrower xylem layers and markedly shortened needles (Morris, 1951). 

Many studies of Fagus sylvatica have shown that little xylem is laid 
down on heavy fruit years (Huber and Jazewitsch, 1956). Holmsgaard 
(1956) states that this influence is clear only after the trees reach an 
age of 100 years, and the effects, greatest in the upper part of the 
stem, persist for at least two succeeding years. Since the effect of fruit- 
ing may outweigh weather influences, he recommends using only trees 
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that have not yet reached reproductive age for establishing relations 
between weather and xylem deposition. 

Picea abies likewise produces thinner wood layers in those seasons 
when heavy cone crops are maturing (Hoeg, 1956; Mikola, 1950; 
Eklund, 1954, 1957). Holmsgaard (1956) thinks that in Picea as well 
as in Fagus the exhaustive influence of fruiting may be felt for several 
years. Xylem increment is likewise negatively correlated with fruit 
production in Prunus persica, but there appears to be no hold-over 
effect in the following year (Proebsting, 1958). 

The relations among climate, fruiting vigor and diameter increase 
are complicated in Pinus by the fact that cones grow during two sum- 
mers before they ripen. In northern Finland Pinus sylvestris flowers 
heavily following a year of above-average diameter growth, with di- 
ameter growth being depressed in the flowering year (Hustich, 1948, 
1956). But the relation is weakened by the fact that xylem production 
is also influenced by the weather of the preceding year, with a strong 
tendency for correlation between the widths of two subsequent years 
(Hustich, 1945; Eklund, 1954, 1956). Growth in pine is further com- 
plicated by the fact that it holds its needles for only a few years, 
therefore depends more heavily than Picea on the amount of foliage 
it has produced the preceding year. In the Rocky Mountains squirrel 
cutting of twigs of Pinus ponderosa introduces still another complica- 
tion in that these twigs not only fall with next year’s cones, but dam- 
age is greatest when the cone crop is small and it reduces the photo- 
synthetic capacity of the tree subsequent to the small crop (Adams, 
1955). 

An endogenous rhythm seems operative in Pyrus malus and Abies 
balsamea, but among most other trees abundant fruiting seems the 
result of chance combinations and sequences of weather conditions, 
which have different effects on species with different ecologic require- 
ments or tolerances. As a consequence of all the superimposed vari- 
ables operating throughout the extended sexual cycle of Pinus, P. pon- 
derosa in western North America produces good cone crops at inter- 
vals of 1-8 years in California (Fowells and Schubert, 1956) and 1-6 
years in western Montana (Boe, 1954). Since weather at any one time 
in the reproductive cycle may nullify or enhance the effects of weather 
at another time, and since animal influences could easily obscure the 
effects of a metabolic shift from vegetative to reproductive physiology, 
one might anticipate difficulties in correlating cone crops with width 
of the annual wood increments. Inappropriate sampling may also 
have a bearing on investigations of the relations between growth layers 
and fruiting. There are some reports (Jaccard, 1915; Holmsgaard, 
1955) that heavy seed production reduces the xylem increment chiefly 
within the canopy, so that the effect may be feeble at the height where 
trees are usually sampled for analyzing growth layers. 


METHOps 


In the NW/4 of Section 25, Township 15N, Range 43E, in Whit- 
man County, Washington, there occurs a pure stand of Pinus ponder- 
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osa on the north-facing slope of a ravine. The stand is on the Pinus 
ponderosa/Symphoricarpos rivularis habitat type as defined by Dau- 
benmire (1952) and rate of height growth is relatively high for eastern 
Washington, even though this particular site is below the average 
elevation of lower timberline, and forest is confined to the moist sides 
of the valleys. 

By standing on the open ridgetop one can look into the tops of the 
pines and easily count their cone crops with field glasses in early 
September. In 1951 four trees having cones were numbered, and 
their cones counted. Also four trees in the same size range but lacking 
or almost lacking cones were tagged. Each succeeding year the cone 
crops were counted until the spring of 1958 when the stand was heav- 
ily culled and the record brought to an abrupt end. All cones visible 
from the one side were counted alternately by two observers! until 
a clearly defined modal value was established. It is estimated that 
perhaps 10 percent of the actual crop was not visible, but no correc- 
tion factor has been applied to the data. 

When logging began 3 increment cores were obtained from equally 
spaced radii from each tree at breast height, so that the thickness of 
the xylem layers could be measured and compared with the corre- 
sponding annual cone crops. The cores were dried, glued in grooved 
boards, sanded, and the layers measured under a binocular microscope. 

Eight trees too young to have borne cones were also sampled and 
the xylem studied in identical manner. 


RESULTS 


Table I shows that although the trees had reached a very satis- 
factory height for their age (judged against an abundance of unpub- 
lished data gathered by the writer), cone production was erratic and, 

in general, perhaps less abundant than might be expected. 
In Table II each cone crop was considered independently and all 
have been arranged in a sequence, ignoring totals less than 28. When- 
ever cone crops equalled 30/tree, less wood was laid down during the 
fruiting year in comparison with the flowering year. However, the 
significance of this relation is jeopardized when percent decrease is 
taken into account, for on a physiologic basis, the greater the expendi- 
ture of metabolites in fruit growth the greater should be the percent- 
age reduction in diameter growth, but the data do not reflect such a 
proportionality. Furthermore, 7 of the young sterile trees also pro- 
duced less wood in 1954 than in 1953. In other words, factors other 
than fruiting (probably weather) can account for practically all the 
reduction in cambial activity concomitant with heavy bearing in 1954. 
Overlapping influences of one cone crop on another that follows 
closely does not seem to be a complicating factor, for when trees 1 
and 3 are removed from consideration because they bore at least mod- 
erately in both 1951 and 1954, there is no improvement in correlations 
among the other data. Comparisons of xylem formation between the 


1] am indebted to Jean B. Dubenmire for assistance in this respect. 
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Fig. 1.—Annual variations in width of xylem layers along three radii at 
breast height. Data are from tree number six in Table I. 


flowering year and the preceding year, as well as between the fruiting 
year and the subsequent year, have been omitted from Table II 
because relationships were erratic. Percentage summer wood (rather 
than total annual increment) studied in precisely the same manner 
likewise yielded no positive correlations. 

The conclusion seems inescapable that cone production among 
these eight trees, over seven years of observation, cannot be correlated 
with thickness of the annual xylem increment of the preceding, cur- 
rent or subsequent years. 

In the study alluded to in the introductory remarks in which the 
writer sought correlations between cambial growth and climate, the 
conclusion was reached that “so much discordance was found in the 


Tasie I.—Tree dimensions as of March, 1955, and counts of 
freshly opened cones 


es ts os SF 1951 1952 1953 1954 1955 1956 1957 
1 27.7 56 70 95 55 76 134 4 6 37 
2 27.4 52 69 0 24 32 123 0 0 0 
3 17.7 42 67 28 30 3 72 0 0 1 
4 24.7 46 74 2 0 14 146 0 0 0 
5 28.0 51 68 113 44 19 86 0 0 0 
6 24.3 44 66 2 6 14 384 0 4 0 
7 20.4 37 66 28 1 1 3 0 0 0 
8 22.2 39 68 0 0 0 100 0 0 0 

Total Cone Crop 268 160 159 1048 a 10 38 


= 

= 
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sequences of thick and thin layers along opposed radii of the same 
individual that no relationship between xylem formation and climate 
could be detected over a 50-year period” (Daubenmire, 1955). Ap- 
parently this erratic cambial behavior within an individual tree also 
obscures any possible correlation between xylem formation and fruit- 
ing vigor. Figure 1 shows the extent to which xylem thickness may 
vary on three radii of the same tree. The largely negative results of 
this study are parallel to those of Dow (1951) who found no corre- 
lation between cone production and rate of growth in Larix laricina. 


CORRELATION BETWEEN WEATHER AND THE SEXUAL CYCLE 


The successful maturation of a large crop of cones is made pos- 
sible by a concatenation of favorable weather starting at some time 
prior to the laying down of flower initials. Each stage of the process, 
which involves about 27 months in Pinus, must be favored by weather 
conditions falling within the range required for that particular stage. 
A short stretch of unfavorable weather could easily nullify optimal 
conditions that may have prevailed up to that time. 

It has long been known that summers with above-average temper- 
ature are conducive to the formation of an abundance of flower buds. 
By empirical methods it was discovered by the writer that by using 
mean monthly air temperatures and algebraically summing the month- 
ly deviations from long-time means, the period June through Septem- 
ber seems highly critical for laying down flower initials in the pine 
stand studied. In Table III cone crops are arranged in order of mag- 
nitude considering all 8 trees as a group, and it is clear that cone 
crops depend on above-average temperatures, with the size of the crop 
being closely related to the degree of deviation. Maguire (1956) 


Tas_e II.—Changes in mean width of xylem layers in mm during 
the reproductive cycle 


Width of Xylem, mm 
No. of Flowering _‘ Fruiting Percent 
Year cones year year decrease 


*51 28 1.72 1.93 
51 28 1.77 1.96 
52 30 1.96 1.60 
53 32 2.78 2.37 
57 37 1.83 1.46 
52 44 2.72 2.55 
54 72 1.81 1.29 
54 86 2.94 1.89 
51 96 2.99 2.79 
54 100 1.68 1.40 
51 113 2.92 2.72 
54 123 2.37 2.15 
54 134 2.67 2.21 
54 146 94 54 
54 384 2.58 1.78 


AP 


0 

0 

18 

15 

20 
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29 

36 
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17 
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9 
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Tas.e II1I.—Temperature data (U. S. Weather Bureau records for Pullman, 
Wash.) in relation to abundance of cones 


Temperature Conditions (°F) of 
pre-flowering year (ripening 
year minus two) 


Year of Total Sums of deviations 
cone cones on Sums of means from means, 
ripening 8 trees for Apr. + May* Jun. thru Sept. 
1954 1048 105.8 5.6 
1951 268 108.3 3.6 
1952 160 95.4 2.7 
1953 159 102.5 2.9 
1957 38 89.4 —5.9 
1956 10 96.7 —17.4 
1955 +4 97.5 —2.3 


* Long-time mean is 100.5°F. 


found that summed mean temperatures for the two months April and 
May, are fairly well correlated with abundant formation of flower ini- 
tials of Pinus ponderosa in California. This mode of expressing warmth 
of the induction period has no value for the ecotype studied in eastern 
Washington (Table III). 

Since the correlation described above shows that, for the trees and 
years, studied, the heat of the summer preceding flowering accounts 
for practically all variations in size of cone crop, it may be concluded 
that all subsequent combinations and sequences of temperature as well 
as other climatic variables were favorable to the reproductive processes. 
No further inquiry into weather controls seems warranted for these 
data. 

SUMMARY 


A seven-year record was kept of cones matured by eight trees of 
Pinus ponderosa growing on a highly productive habitat in eastern 
Washington. The thickness of wood layers along three equally spaced 
radii at breast height was so extremely variable for any one tree that 
no correlation could be established between wood deposition of the 
individual trees and their fruiting vigor. 

Cone production is closely and positively correlated with the de- 
gree to which summer temperatures (June through September) are 
above-average for the year when flower initials are laid down. 
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Biology of the Oligochaete Bimastos zeteki Smith 
and Gittins (Lumbricidae) in Northern Michigan 


W. R. MURCHIE 
University of Michigan Flint College 


General use of the term “earthworm” has tended to obscure very 
real differences in life histories of terrestrial Oligochaeta. As a result, 
ecologists have had inadequate information on these organisms with 
which to interpret the soil fauna. The problem, as a matter of fact, 
is not unique to the ecological viewpoint; with regard to morphology, 
Smith has written (1924): 

The common earthworm is a variety which is very frequently met 
with in more recent text-books, but not in collections. As described in 

a new textbook which appeared within the last year this variety would 

seem to be a hybrid form from ancestors belonging to two different gen- 

era of outdoor species and which also has acquired some additional 
characters found in none of them. 


Direct analyses of earthworm populations, more often than not 
concerned with agricultural soils, have been largely quantitative, em- 
phasizing population density as related to various edaphic factors. In 
this vein, a significant body of data has been made available through 
the various publications of Evans (1947; 1948), Guild (1948 through 
1957), Evans and Guild (1947; 1948), Waters (1955), and Satchell 
(1955). In nearly every case, these authors and others, including 
Wilcke (1954), Julin (1949), Siivonen (1941), Boyd (1957), Boden- 
heimer (1935), and Bornebusch (1930), have underlined the risk 
involved in generalization; a risk of some magnitude when environ- 
mental factors are considered. As an example, we find Bodenheimer 
stating (1935) : 

The conclusions of Arrhenius on the importance of soil acidity seems 

to be justified, but not so his generalization. It is obvious, that there 

exists no optimal pH for “the” earthworm, simply because no “average 

earthworm” exists, but a large number of different species of earth- 
worms, each of which has its own optimum and its own range of toler- 
ance toward the soil reactions of its environment. 

The research reported here has been concerned quite specifically 
with the earthworm Bimastos zeteki Smith and Gittins (1915) as 
found in Michigan soils. Field work was accomplished over a period 
of three summers (1955-1957) largely in the area surrounding the 
University of Michigan Biological Station, Cheboygan County, Mich- 
igan. The main objectives of the work were to determine: (1) peri- 
odicity of B. zeteki; (2) habitat selection and use; (3) vital coefficients 
(deposition of odthecae, growth rate, etc.) in field populations; and 
(4) the responses of zeteki to environmental stresses such as tempera- 
ture and moisture changes. 
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MATERIALS 


Bimastos zeteki is considered endemic to North America, its known 
range extending from Louisiana (Harman, 1952) to northern Mich- 
igan in the Midwest (Smith and Gittins, 1915; Murchie, 1956) and 
from Connecticut southward into North Carolina (Gates, 1956). 
Additional records are those of Causey (1952) from Arkansas, Olson 
(1928) from Ohio, and Smith (1917) for Illinois and Indiana. The 
species has invariably been reported as an inhabitant of decaying 
logs, leafy accumulations, and the soil immediately below such ma- 
terial. Virtual restriction of zeteki to woodlands and its absence from 
soils marginal to aquatic areas might suggest an inherent inability 
to compete with so-called peregrine earthworms (Smith, 1928). 
Murchie (1956) and Gates (1958) have pointed out that such re- 
striction may be due to habitat selection related to changing land 
use or forest practice. Such alterations might permit invasion of an 
area by one species while creating barriers for another. No clear evi- 
dence of competition between earthworm species has ever been pre- 
sented insofar as I am aware. 

Seasonal activities of Bimastos zeteki have not heretofore received 
significant attention. Gates (1956) concluded, on the basis of morpho- 
logical evidence, that the breeding season “would seem to include 
April in Connecticut, June in Virginia, July in the mountains of 
Tennessee and North Carolina.” He further cites Heimburger (1915) 
for the observation that Indiana worms of this species were at the 
height of sexual activity in June. 

The genus Bimastos has become a “taxonomic wastebasket” 
(Gates, 1956) but zeteki is unquestionably a “good” species and 
sexually mature individuals in Michigan collections conform to pub- 
lished descriptions (Smith and Gittins, 1915; Smith, 1917; Gates, 
1956). Adult worms measure up to 150 mm in length and five mm 
in width at the clitellum. Their body color varies from pale red to 
chestnut brown. Usually, Bimastos zeteki shows a localized whitish 
banding caused by internal accumulation of yellowish-white cor- 
puscles. Anteriorly the bands may occupy three segments, from III 
to V; posteriorly, about five sub-terminal segments may be involved. 
Except for the very small individuals recently emerged from odthecae, 
no particular difficulty was experienced in identifying zeteki in the 
field. 


AREA OF FreLp Stupy 


Although most of the research was accomplished in Cheboygan 
County, Michigan, additional information was drawn from data 
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assembled during a survey covering most of the Lower Peninsula of 
Michigan (Murchie, 1956) and from observations made on the E. S. 
George Reserve, Livingston County, Michigan. The University tract 
in Cheboygan County is located phytogeographically in the transition 
zone between the northeastern coniferous forest and the central or 
deciduous forest province to the south. The entire area has been 
glaciated several times. Characteristic of a glaciated region, the land 
is not deeply dissected but presents rolling contours with numerous 
lakes and bogs. Originally forests of pine and beech-maple dominated ; 
removal of the pine in the decade following 1880, together with severe 
and recurrent fires, resulted in the establishment of an aspen associa- 
tion. Subsequently harvesting of hardwood and burning extended the 
aspen cover (Donahue, 1936). 

Soils of the study area are sands (Roselawn, Rubicon, and Gray- 
ling) and sandy loams (Emmet) ; peats, mucks and clay loams occur 
as local deposits. In northern Michigan, soil formation through the 


Fig. 1.—View in aspen forest, University of Michigan Biological Station, 
Cheboygan County, Michigan, showing characteristic forest floor conditions. 
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podzolation process is general. The humus layer is of the mor-type 
development with both Aoo and A» strata present. By mid-summer, 
leaf-fall of the previous seasons forms a compact mat; below this, in 
the upper Ao, increasing fragmentation occurs, and some mineral soil, 
animal excreta, and roots mix with leaf fragments forming a dark 
brown to grey-black mineral soil in considerable amount mixed with 
consolidated organic substances. The zone of elluvial development 
(A,) varies from a fibrous, gray, powdery layer with small amounts of 
mineral soil, to a whitish sand with little fiber. The former condition 
prevails in soil depressions and beneath heavier litter accumulations. 
The elluvial stratum rests on a yellowish to yellow-orange B-layer of 
sandy soil, and this, at varying depths, shades into the white, sandy, 
parent material. Major variation, aside from local drainage conditions 
and slope, relates to the amount of accumulated leaf material. The 
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Fig. 2.—View in upland forest of E. S. George Reserve, Livingston County, 


Michigan, showing type of forest floor condition which can sustain Bimastos 
zeteki. 


{ 4 i 4 a ¥ 


198 THe AMERICAN MIDLAND NATURALIST 64(1) 


forest floor has many pockets, from slight depressions to deep (60-70 
cm) troughs. 

No agricultural activity has been carried on within the study area, 
and it has not experienced significant fire damage for at least 30 years. 
Fallen trees, decaying limbs, and leaf deposits have been relatively un- 
disturbed for long periods (Fig. 1). It is rather interesting to note 
that similar undisturbed soils on the E. S. George Reserve, with mull- 
type development, also support Bimastos zeteki. Here, as elsewhere, it 
is logs and litter with which the species is associated (Fig. 2). 

Aspen predominates in the Cheboygan County area in which 
zeteki was studied. The trees are not large, but cover is frequently 
dense because of the number of trees present. Local variations in 
drainage, soil type, or age of stand finds the aspen replaced by pine 
or hardwood. 


CLIMATE 


The climate has been characterized (Foster et al., 1939) as having: 
long cold winters, short cool summers, mild autumns, late cold springs, 
long days of sunshine during the summer, prevailing westerly winds, low 
evaporation, and an average of about 26 inches of rainfall. Hail storms, 
sleet storms, and destructive winds are very rare. 


In general, the seasons during which this research was accomplished 
showed a progressive drying of the litter. Very heavy rainfall did not 
reverse this cycle once it had been established, but wet springtime 
conditions did delay the onset of the drought. The significance of this 
drying cycle in the life history of zeteki will be described later. 


MeEtTHOoDS 


Primary emphasis was placed on field observations of the worms, 
their o6thecae, and burrows. Virtual destruction, or at least serious 
derangement of the habitat was caused by the collecting process; this 
necessitated direct and immediate interpretation of worm activities 
from the instant of exposure. Many repetitions of the collecting act 
were required and actually undertaken to establish the constancy or 
uniqueness of a specific activity. In a few instances, potential or actual 
habitat sites were marked for study at a later time; otherwise, worms 
were collected for fixation or experimental work. Successful laboratory 
cultures of Bimastos zeteki were prepared by placing worms in wide- 
mouth jars filled with leaf mold and mineral soil, moistened, and 
maintained at 22°C. Odthecae were isolated on wet filter paper in 
small stender dishes to permit continuous observation. 

Earthworm excreta, referred to as castings, have been used in a 
number of important studies in order to measure earthworm activities 
or to trace their movements (Darwin, 1881; Evans and Guild, 1947; 
Grant, 1956). Of particular interest in this regard is the statement 
by Wilcke (1956) : 

In diesen Tiefen werden die Gange mit ihren Exkrementen tapeziert, 
deren ausgangsstoffe dem A-Horizont entstammen. Ja, man kann 
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vielfach au der Farbe frischer Losung erkennen; welchem Herizont das 
entnommene Material zuzuordness ist. 


Because of the particularly sharp lines of division between strata in 
podzolic soils, I found these castings to be of great value in tracing 
the movements of Bimastos zetekt. 


DISTRIBUTION AND ASSOCIATED EARTHWORM SPECIES 


Bimastos zeteki is generally defined as a species of forest soils, the 
specific habitat being “in the wood and under the bark of decaying 
logs and sometimes under the logs” (Smith, 1917). In wet spring 
months, zeteki may be found not only beneath and in such logs and 
litter accumulations, but at considerable distances into the general 
forest floor litter. Moreover, burrows of this species were traced into 
the subsoil about 50 centimeters; deeper penetration is probable, but 
soil conditions prevented identification beyond this level. 

The tunnels are distinct, well-formed, and, to judge from the cast- 
ings, reasonably permanent. 


By tracing these castings it was found that Bimastos zeteki passes 
back and forth from the inner parts of a moist log to the upper soil 
along fixed channels or burrows, the direction and amount of move- 
ment being no doubt related to moisture and food conditions. Similar 
migrations prevail in litter accumulations. 

Drying of the leaf layers, humus, and upper soil during the summer 
months more and more restricts this earthworm to segments of the 
habitat retaining some moisture. Increasing use is made of the inner 
tissues of rotted logs, and only an occasional worm occurs in lenses of 
leaf litter which are damp. When desiccation of the latter becomes 
complete, no trace of zeteki can be found except for odthecae from 
which young have not emerged. 


No attempt was made to establish population density. Determina- 
tions made during routine work had to be circumscribed with qualifi- 
cations to a degree which seriously reduced the usefulness of the data. 
As would perhaps be expected, zeteki is strikingly discontinuous in 
distribution; a day’s field study might cover several acres with fewer 
than a dozen specimens to show for the work. On the other hand, 17 
individuals were collected in one instance from a single log measuring 
approximately 75 cm long and 15 cm in diameter. More commonly, 
from one to four worms occupied a log or litter pile. 

Dendrobaena rubida (Savigny) forma tenuis (Eisen) [= Bimastos 
tenuis (Eisen)] was the only oligochaete occurring consistently with 
Bimastos zeteki in the area considered here. Allolobophora caliginosa 
(Savigny), Lumbricus rubellus Hoffmeister, Bimastos parvus (Eisen) 
[= B. beddardi (Michaelson) |, Dendrobaena octaedra (Savigny) and 
Bimastos longicinctus Smith and Gittens were found in the same wood- 
lot as zeteki in various sections of the state of Michigan; rarely, how- 
ever, were they taken from the same log or litter accumulation. 
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ACTIVITIES AND MOVEMENTS 


Crawling activity of Bimastos zeteki is of the typical lumbricid 
type but the movements are rather sluggish. Exposure of the animal 
seldom invokes rapid escape movements; immediate response is a 
shortening of the body followed by gradual withdrawal to cover. When 
some form of protection such as the burrow or surface debris is 
reached, the worm will usually slow or stop its movements, often for 
a considerable period. When zeteki is touched, vigorous escape reac- 
tions may occur. These are of three types: (1) rapid lashing of the 
body, (2) exudation of coelomic fluid, and (3) less commonly, pos- 
terior autotomy. If an individual is pricked sharply or handled 
roughly, it responds with a series of lashing movements reminiscent 
of certain species of Pheretima or Eudrilus. In this, the entire body 
is involved forming a U-shape first to one side, then the other, with 
a slight pause between twitches. From three to ten movements of this 
type will occur in succession. 


With or without this lashing action, zeteki can eject a yellowish- 
white coelomic fluid from the dorsal pores. Anteriorly, interseg- 
mental furrows 3/4, 4/5, and 5/6 are involved; posteriorly, the 
exudate issues from the subterminal three to five intersegmental fur- 
rows. To me, this fluid is odorless and tasteless. The salamander, 
Plethodon cinereus, upon which the substance was applied experi- 
mentally, evidenced no distress. After the initial response, a stronger 


stimulus, such as a needle prick, is necessary to cause zeteki to emit 
this fluid. 


Stephenson (1930) has summarized the literature on autotomy 
among earthworms and suggests it is an indication of approaching 
death. Larger individuals of Bimastos zeteki possess a distinctively 
club-shaped terminal region of about 15 segments which the worm 
may cast, completely or in part, when subjected to some form of dis- 
turbance. Experimentation with specimens of zeteki, however, 
showed autotomy occurred in nearly all sizes and thus is apparently 
independent of age. Grasping the worm at the third subterminal 
segment caused the animal to cast from six to ten segments. If im- 
paled anywhere between the fifth to the tenth subterminal segment, 
casting involved a total of thirteen segments. This casting power 
diminished anteriorly but was still evident at subterminal segment 32, 
in which case the worm broke at segment 33. The anterior region 
did not respond in this fashion. 


Lashing, exudation, and autotomy may serve Bimastos zeteki as 
survival mechanisms in the face of predation. Burrows of small 
mammals abound in the areas inhabited by this oligochaete; like- 
wise, Plethodon cinereus is abundant. Attempts to feed zeteki to the 
latter were inconclusive. At present, the geographic origins of zeteki 
are unknown; thus, the possibility exists that the protective devices 
may have arisen in connection with a different faunal complex. 
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SomiTrE NUMBERS AND REGENERATION 


A summary of somite counts on 161 field collected specimens and 
41 individuals killed and fixed immediately after their emergence 
from odthecae is presented in Figure 3. Specimens showing autoto- 


NO. OF INDIVIDUALS 
10 O 


Fig. 3.—Comparison of segment 
numbers in field collected specimens 
with those reared from odthecae in 
the laboratory. 
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my due to collecting were net considered. Smith (1917) gave the 
range of somite numbers for zeteki as 100 to 142 and stated that “in 
complete specimens the number usually exceeds 130.” Gates (1956) 
established limits of 126-154 but presented additional tabular data 
on 26 specimens indicating a range from 94 to 154. Of these, a 
goodly number were designated as “amputee.” 

With regard to regeneration in Bimastos zeteki, Gates (1956) 
has written: 


“An anal segment had been reconstituted in each of the posterior 
amputees. No other regeneration had taken place though amputation in 
some of the cases certainly had not been recent.” 


He further indicates that posterior regeneration may not be possible 
for zekett under normal conditions. Similarly, I observed no pos- 
terior regeneration in Michigan material collected in the field, nor 
was I able to induce such regeneration in laboratory cultures. 

On the basis of information now available, Gates’ inferences on 
segmental numbers of 126-154 and the probable lack of capacity for 
posterior regeneration by Bimastos zeteki do apply to Michigan rep- 
resentatives of the species. It appears likely that post-emergent 
growth does not occur, and thus, the definitive number of segments 
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is present at the time zeteki leaves the odtheca; subsequent growth is 
simply by enlargement of existing segments. It is to be expected that 
a population composed of larger numbers of older worms would have 
a larger proportion of amputees; from this it follows that segment- 
number counts may afford a generalized measure of the age of a 
population. 


PERIODICITY 


Field evidence obtained in the course of this investigation under- 
scores the strong influence of environmental factors on oligochaete 
periodicity. Of these, moisture is the most significant. The litter of 
upland forest areas in Cheboygan County dries out thoroughly by 
mid-summer. This includes thick accumulations as well as the gen- 
eral forest floor, although lenses of dampness may persist in the 
compressed leaf zone for some weeks. The under surfaces of logs dry 
out in similar fashion, approximating conditions in litter piles. Pulpy 
inner layers of such logs, especially Betula and Populus, do remain 
saturated with moisture for long periods, and a substantial number 
are quite wet through late summer and fall months. Insufficient evi- 
dence is available on winter conditions to permit description of the 
hibernal aspects of the zeteki activity cycle. 

Table I summarizes the Cheboygan County records of Bimastos 
zeteki for 1957. Immediately following the snow-melt in April, worms 
were quite scarce. The only clitellate specimen was found beneath a 
small aspen log on an open slope with southern exposure. From the 


Tasie I.—Field collections of Bimastos zeteki for 1957, listed by number 
of individuals in each weight class. 


1.51-1.60 * 1 1 

1.41-1.50 1* 

1.31-1.40 

1.21-1.30 1* 

1.11-1.20  1* 

1.01-1.10 1 1* 1 1 

0.91-1.00 1* 1 

0.81-0.90 1* 1 2* 1 

0.71-0.80 1* 1 1* 1* 2 Pees 

0.51-0.60 1 2 7 

0.31-0.40 1 7 2 2 2 2 3 

0.21030 1-2 4 1 1 5 3 

1.01-1.10 3 1 


* Clitellate individuals. 
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second week of May, through mid-June, 1957, larger clitellate indi- 
viduals were reasonably common in the study area. During this 
period, zeteki was to be found in the widest variety of habitats; small 
branches, logs, or bark fragments scarcely five centimeters in diameter 
provided suitable cover. Moreover, worms ranged out from litter 
accumulations or logs into the thinner humus layer of the forest floor. 
Oéthecae were abundant by late May, and in abundance through 
June. Disposition of these structures will be considered in a later 
section of this paper. 

Size of the clitellum was used to describe the degree of sexual 
development, inasmuch as internal structures (seminal vesicles, male 
funnels, etc.) provide no clear evidence in this regard. Gates (1956) 
concluded that zeteki is probably male sterile and thus partheno- 
genetic. After mid-July, I could not find any Bimastos zeteki in the 
clitellate (presumed reproductive) state. Individuals which did show 
some degree of clitellar development were either quite obviously 
immature or regressive. The latter is signaled by the appearance in 
the swollen clitellum of whitish pustules which subsequently spread to 
other parts of the worm’s body. There is no pattern to this invasion, 
nor is the density uniform among several worms. Excepting these 
reproductive individuals and the very largest worms, the data assem- 
bled in Table I do not show an over-all reduction in population 
numbers through the season. Larger individuals of this surviving 
population did show traces of pigmentation in the clitellar zone, but 
no glandular development was evident. 

It may be noted (Table I) that small worms comprised a sub- 
stantial part of the total population in April and May, 1957. This 
group unquestionably over-wintered, having emerged from oédthecae 
in late summer months of 1956. These emergees, plus those emerg- 
ing in spring and early summer months of 1957, would, I believe, 
form the potential reproductives of the next season. 

Climatic influences may displace cyclic tendencies which might 
otherwise be expressed by Bimastos zeteki. A late cold spring would 
thus delay deposition of the odthecae, while severe drought at any 
time during the warmer months will reduce the space available for 
zetekt and cause it to migrate into the sub-soil or sections of the habi- 
tat with high water-retaining capacity. I have never observed this 
species in an inactive, quiescent state (= diapause of some authors) 
in the field, nor could the condition be induced in laboratory cultures. 
Migration is thus the only apparent survival mechanism utilized by 
zeteki during periods of environmental stress and, in this, there appears 
to be no inherent rhythm. 

OOTHECAE 


The odthecae of Bimastos zeteki are distinctive and unlikely to be 
confused with those of any other Michigan earthworm species (Fig. 
4B). When new, they are greenish yellow, becoming yellowish with 
development; empty structures are amber. Weights of 22 odthecae 
ranged from 0.04 to 0.14 grams with an average of 0.079 grams; 
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lengths varied from 5.0 to 8.5 mm and widths from 4.5 to 7.0 mm, 
with averages of 6.7 mm and 5.6 mm for :ength and width, respec- 
tively. 

Commonly zeteki encapsulates the oétheca in a solid covering of 
soil (Fig. 4A). In the field condition, this soil capsule with its con- 
tained odtheca may weigh from 0.5 to 1.5 grams and measure approx- 
imately 15 centimeters in diameter. Murchie (1955) has reported 
a similar behavior of Allolobophora muldali (Omodeo). More recent- 
ly, Christensen (1956) described encapsulation of odthecae in En- 
chytraeus albidus Henle (Enchytraeidae) in which deposition of 
the soil is oral. No conclusions can be drawn as to the method by 
which zeteki applies soil to the capsule. Moreover, this species does 
not always cover the oétheca completely; the latter may be pressed 
to the substrate with a soil coat over the upper or free surface only. 
Sometimes, no soil capsule is present. 

Whether covered or free, o6thecae are usually placed along the 
sides of formed burrows, between leaves, under logs, or within the 
tissues of decaying logs. One capsule was found beneath the moss 
cover on a tree trunk about 15 cm above the soil surface. Selection 
of the site for odthecal deposition is seemingly dependent upon ran- 
dom movement of the worm in response to favorable conditions in 
the habitat, especially moisture, perhaps reinforced by stimuli of which 
we as yet know little. This hypothesis is strengthened by the observa- 
tion that odthecae are less frequently found alone than in “nests” of 
from two to five individual capsules. All of these may lie within an 
area no more than 75 cm? in extent. With rare exception, only one 
fully clitellate worm is to be found near such a “nest.” 


| MM. 


Fig. 4.—Odthecae of Bimastos zeteki. A, External view with capsule of soil. 
B. External view without soil capsule. 
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Stages of development among the capsules of a clutch or nest 
invariably show some variation as evidenced by size of the contained 
young. This indicates an extended reproductive period for zeteki as 
well as the probability of semi-permanent occupancy of certain sec- 
tions of the tunnel system. 

Accumulated laboratory evidence shows that zeteki has an intra- 
oéthecal period of about three weeks. To determine the effects of 
soil climate on oéthecal life, ten field-collected capsules, all contain- 
ing well-developed, living young, were placed in moist containers and 
maintained at 6° C for five weeks. Worms emerged from one capsule 
at the end of the first week and from a second on the day before the 
refrigerated period was terminated. Of the odthecae brought to room 
temperature, three were destroyed because of excessive dryness; 
worms emerged from the remaining five within four days. 

Field collected o6thecae showed a remarkable tolerance to desic- 
cation; in many instances, shrunken and folded capsules were found 
to continue development when water was added to their environ- 
ment. In the laboratory, capsules were dried and re-wet to determine 
their ability to survive. Normal development was possible after a 
weight loss of 54 percent. 

No precise data are available concerning the time of year odthecal 
deposition begins. Capsules could not be found in the Cheboygan 
County area on April 27, nor May 10, 1957. However, one individual 
in the May 10 collection did produce an oétheca; this occurred while 
the animal was still in the collecting bottle. 

In northern Michigan, temporary inhibition of odthecal develop- 
ment is likely to occur in early spring months due to lowered soil 
temperatures. Extension of intra-odthecal life is probably of no great 
consequence except under severe drought conditions. Moisture de- 
ficiency should be considered a mortality factor for the odthecae of 
zeteki, but variations are so great, both in conditions and effects, that 
generalizations are not possible. 


Fig. 5.— Graphical representation 
of data on counts of young emerging 
from oéthecae of Bimastos zeteki. 
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The number of young Bimastos zeteki per odtheca is variable (Fig. 
5), two, three, or four being the most common number. Single emergees 
were nearly twice the size of “normal” individuals (60 mm versus 35 
mm average). Moreover, in laboratory cultures, as much as four 
days separated the emergence of first and last worms from one 
capsule. 

GrowTH RaTE 


Measurements of individuals from field populations afford few 
criteria for appraising growth rate in Bimastos zeteki. Despite the 
risk involved in extrapolation from laboratory results to explain con- 
ditions in nature, it was considered essential to obtain some approxi- 


II.—Growth of Bimastos zeteki from 7 odtheca ‘(A-G) in labora- 
tory cultures of mixed soil and litter 


Initial 
Culture wet. (gms.) Aug. 10 Sept. 15 Nov. 27 
July 14, 1956 
A-1 0.053 0.284 0.64 0.95 
A-2 0.039 0.233 0.51 0.84 
A-3 0.048 0.259 0.69 1.10 
July 15 
B-1 0.036 0.224 0.40 0.72 
B-2 0.035 0.229 0.59 0.67 
B.3 0.039 0.194 0.54 0.77 
B-4 0.040 0.213 0.60 0.92 
C-1 0.024 0.137 0.29 0.44 
C-2 0.028 0.096 0.25 0.72 
July 16 
D-1 0.038 0.248 0.62 0.92 
D-2 0.032 0.266 0.75 1.00 
D-3 0.030 0.186 0.69 0.98 
D-4 0.028 0.230 0.65 1.01 
July 20 
E-1 0.029 0.145 0.50 0.90 
E-2 0.028 0.198 0.60 0.97 
E-3 0.025 0.095 0.31 0.66 
E-4 0.036 0.121 0.47 0.86 
July 22 
F-1 0.027 0.126 0.59 1.35 
F-2 0.048 0.168 0.70 1.37 
G-1 0.031 0.105 0.57 1.42 
G-2 0.030 0.125 0.42 0.74 
G-3 0.022 0.110 0.64 1.88 
G-4 0.022 0.134 0.64 1.24 
G-5 0.022 0.166 * * 
G-6 0.010 * * * 
Mean 0.032 0.178 0.55 0.97 


* Worm not recovered. 


1 
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mation of growth rate which zeteki might show during the three or 
four month post-emergent period. 

Accordingly, in 1956, individual worms were isolated in two major 
culture series. In the first, 25 young from seven odthecae were each 
isolated in an organic, soil-litter mixture. This mixture, it was hoped, 
would provide the major nutritional components required by the 
species and utilized by it in nature. The second series involved 30 
worms placed on six selected substrates: (1) wet aspen leaves from 
the compressed leaf zone, (2) organic, loamy-sand soil with some leaf 
mold, (3) silt loam, (4) soil from matted zone, (5) sandy soil from 
“B” horizon, and (6) wood and bark of a Betula log. Five replica- 
tions were made of each substrate type. 

All cultures were kept moist and maintained at a temperature of 
22-26° C. Worms reared on the mixture of soil and litter show 
(Table II) an average thirty-fold weight increase during a period 
of from 97 to 105 days. The increase in mean weights, 0.032 to 0.97 
gms, indicates clearly that Bimastos zeteki could reach reproductive 
size during a three or four month period. 

Among the cultures of the selected substrate series (Table IIT), 
only two, the organic, loamy sand and the soil from the matted root 
zone, gave growth results for zeteki which approximated conditions 
in the soil-litter mixture. As a matter of fact, the apparent inter- 
cultural growth differentials exhibited by this series were most in- 
teresting. For example, the two worms which survived in the culture 
of sand from the “B” horizon did not quite double their weight 
whereas individuals in an organic, loamy sand soil increased, on the 
average, nearly 40 times their original weight. Statistical analysis 
(Table VI) of the estimate of variance between the results from the 
soil-litter mixture and the complete series of selected substrate types 
gave a variance ratio which was significant at the 4 percent level 
(F = 2.26). 

In repeating this laboratory experimentation in 1957, special 
attention was given to the effects of substrate type on earthworm 
growth. As in 1956, two culture series were established. For one of 
these, I used a screened, loamy-sand soil from which very uniform 
replications could be made. Ten emergees from three o6thecae were 
each isolated in 50 grams of this soil type. 

Materials for the varied culture types (leaves, wood pulp, etc.) 
were also selected with greater care to avoid contaminants and five 
replications of each type established as follows: (1) an organic, loamy- 
sand soil, (2) pulpy wood from the interior of a Betula log, (3) soil 
from matted root zone, (4) leaf mold, (5) leaves from compressed 
leaf zone, (6) surface leaves of previous year’s fall, and (7) sand 
from “B” horizon. A single, newly emerged worm was isolated in 
each of these. Because of the number of young involved and the 
high temperatures prevailing in the laboratory, no individual initial 
weights could be taken, however, an average initial weight of approx- 
imately 0.03 grams may be assumed. 
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Tasie III.—Growth of Bimastos zeteki in laboratory cultures of different 
substrate types. Five replications (a-e) of each culture type 


Initial Wet. 


(gms. ) 
Culture July 24, 1956 December 12 Substrate type 
a 0.024 0.48 
2 0.019 0.48 
c 0.039 0.50 Leaf litter 
d 0.023 0.37 from compressed leaf zone 
e 0.030 0.53 
Mean 0.027 0.47 
a 0.087 0.32 
b 0.030 * 
c 0.030 * Silt loam soil 
d 0.052 0.14 
0.036 * 
Mean 0.047 0.23 
a 0.083 
b 0.042 0.09 
c 0.032 * Sand from “B” horizon 
d 0.025 0.06 
0.035 
Mean 0.0434 0.075 
a 0.090 1.64 
b 0.025 1.37 
c 0.044 1.52 Organic, loamy sand 
d 0.014 1.62 
e 0.042 1.38 
Mean 0.043 1.50 
a 0.091 0.85 
b 0.043 0.75 
c 0.033 0.82 Soil from matted root zone 
d 0.035 0.63 
e 0.044 0.63 
Mean 0.049 0.73 
a 0.026 0.40 
b 0.039 0.41 
c 0.027 0.48 Wood and bark, Betula log 
d 0.032 0.63 i 
e 0.034 0.68 
Mean 0.031 0.52 


* Worm not recovered. 
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All cultures were uniformly moistened and maintained at 22-26° 
C. for the duration of the experiment. The results are included in 
Tables IV and V. Even cursory examination of these data reveals 
a high correlation between substrate type and the growth rate of 
Bimastos zeteki. Analysis of the estimate of variance (Table VI), 
based upon the uniform soil type (Table IV) and the selected culture 
types (Table V), shows a highly significant ratio at the 1 percent 
level (F = 136.32). It may be concluded that growth of zeteki is 
substrate dependent. These results corroborate the findings of Mos- 
zynski (1934) who pointed out that soil exerts its influence not only 
in determining the number of earthworms living there but also their 
size. He further stated that under favorable ecological conditions the 
worms are much larger than when unfavorable conditions prevail. 

The 1957 cultures were concerned less with growth rate per se 
than with growth differentials which might be attributed to the sub- 
strate. It may be noted, however, that the worms reared in the or- 
ganic, loamy-sand soil (Table V) did show an average weight increase 
of more than seventy-fold. Again, the fact is underscored that zeteki 
can attain full size within four months if suitable conditions obtain 
in the environment. 

Inasmuch as the aims and procedures used in the two seasons 
(1956, 1957) of laboratory work were somewhat different, no direct 
comparison between them will be made here. Moreover, I believe it 
would be unwise to generalize from these laboratory findings to define 
a “best” substrate for Bimastos zeteki. The worms placed in nearly 
pure sand did indeed show little or no growth and it could reason- 
ably be concluded that too little organic material was available to 
serve as food for the worms. In cultures of unconsolidated leaf litter 
from both the compressed leaf zone and the surface leaf fall, cultures 
high in organic matter, the average weight increases for zeteki were 
twenty-six and thirteen fold respectively. Moreover, worms in or- 
ganic, loamy sand increased their weight, on the average, 77 times. 


Tas_e IV.—Growth of Bimastos zeteki from 3 odthecae (A-C) in laboratory 
culture on uniform substrate 


Initial wet. 


(gms. ) 
Culture July 9, 1957 July 22 Aug. 12 Oct. 15 
0.019 0.064 0.294 0.47 
0.018 0.056 0.195 0.47 
0.022 0.059 0.263 0.59 
0.024 0.052 0.254 0.61 
0.032 0.070 0.251 0.56 
0.026 0.047 0.260 0.56 
0.033 0.070 0.224 0.56 
0.029 0.084 0.239 0.55 
0.030 0.069 0.237 0.57 
0.041 0.057 0.211 0.48 
0.027 0.062 0.24 0.54 
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Taste V.—Growth of Bimastos zeteki in laboratory cultures on different 
substrate types; five replication (a-e) of each culture type 


Culture§ Aug. 13 Oct. 15 Substrate type 

b 0.81 
c 1.24 2.46 Organic soil, loamy sand 
d 0.94 2.08 
e 1.61 2.41 
Mean 1.83 2.31 
a 
b * * 
c - * Pulpy wood Betula log 
d 0.03 
e * * 
Mean 0.03 
a 0.43 0.91 
b 0.42 0.74 
c 0.74 1.17 Soil from matted root layer 
d 0.60 0.95 
€ 9.60 1.01 
Mean 0.58 0.95 
a 0.55 1.03 
b. 0.58 0.84 
c Leaf Mold 
d 0.41 * 
e * * 
Mean 0.51 0.93 
a 0.28 0.70 
b 0.36 0.74 
c 0.46 0.77 Leaves from compressed- 
d 0.47 0.98 leaf zone 
e *, 
Mean 0.39' 0.79 
a 0.10 0.49 
b 0.09 0.32 
c 0.11 0.37 Surface leaves, previous 
d 0.10 0.41 year’s fall 
e 0.12 0.49 
Mean 0.19 0.41 
a 
b 0.02 * Sand from “B” horizon; 
c 0.04 * 10” depth 
d * * 
e 0.05 * 
Mean 0.036 * 


§ Experiment started June 28, 1957; avg. initial wet. assumed at 0.03 
gm. per worm. 


* Worm not recovered. 
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Apparently it is not the absolute amount of organic material pres- 
ent per unit volume of soil that is critical. Rather, the essential ingredi- 
ents for growth must be available to the worm and these food elements 
have to be in some form which the animal can use. Pure wood pulp, 
freshly fallen leaves, and similar substances, although very high in 
the organic fraction, may require substantial modification by other 
biotic elements before zeteki can utilize them for food. Nutritional 
aspects of earthworm biology have not been worked out in any detail 
insofar as I am aware. Many problems relating to habitat occupancy 
by earthworms, as well as their regional distribution, may be solved 
when more information is available on the precise trophic levels occu- 
pied by earthworms. 

The laboratory results do enable us to make more adequate inter- 
pretations of field data. Forest areas in northern Michigan provide a 
variety of substrate types in many combinations. Bimastos zeteki will 
move through these potential habitats, selecting, I believe, those which 
it can utilize with the greatest efficiency. As stated previously, habitat 
availability for zeteki varies with moisture content of soil and litter. 
In the drying cycle, this worm will, perforce, move into a niche pro- 
viding the most stable moisture regime. Under such circumstances, 
something less than satisfactory nutritional levels may obtain but sur- 


vival is possible even though growth will be reduced for an extended 
period. 


A drought enforced migration sends the worms either downward 


TasLe VI.—Analysis of estimate of variance of growth rate of Bimastos 
zeteki as related to substrate type 
Source of (S?) 
variation Degrees of Estimated 
freedom variance F ratio P — value 


1956 
Mixed soil 22 0.098 
(Table IT) 


1956 
Selected substrates 
(Table III) 


1957 
Uniform soil 
(Table IV) 


1957 
Selected substrate 18 0.409 136.33** P< .01 
(Table V) 
* When N, = 23 and N, = 22; for P = 0.05, F = 2.04; for P = 0.01, 
= 2.79. 


** When N, = 18 and N, = 9; for P = 0.05, F = 2.95; for P = 0.01, 
F = 4.86. 


pO 23 0.222 2.26* P= .04 
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into the subsoil (B-horizon) or into wet inner tissues of logs. The 
period of soil moisture stress, insofar as zeteki is concerned, may in- 
clude middle to late summer and fall months. I have not been able 
to collect the species during the winter months and it is probable that 
zeteki is not able to occupy the upper organic soil layer during the 
cold period. 

Thus, the 1957 collection records for Bimastos zeteki can be 
described in terms of three major elements: (1) large, over-wintering, 
clitellate worms; (2) over-wintering, aclitellate worms (1956 
emergees) ; and (3) aclitellate worms which began their emergence 
from o6thecae during May of 1957. By late July or early August, many 
of the early 1957 emergees are indistinguishable from the over-winter- 
ing 1956 emergees, at least from the standpoint of size. Small worms 
which winter over and those which emerge from odthecae early in the 
spring, may grow rapidly enough during the summer to attain full size 
and these worms, I believe, comprise the reproductives of the ensuing 
spring. Therefore, an individual worm may become reproductive at 
approximately 12-14 months of age, or, if it emerge from its odtheca 
at the beginning of a dry period, the reproductive state may not be 
reached until a lapse of 22-26 months. 


SuMMaryY OF LIFE CYCLE 


On the basis of existing information, 1 number of generalizations 
about the life history of Bimastos zeteki may be made. Obligatory par- 
thenogenicity is probable, with oéthecal deposition occurring through 
late spring and early summer. Lowered soil temperature and drought 
may inhibit intra-oéthecal life or delay the time of emergence. Assum- 
ing four viable odthecae per adult, and three young in each capsule, 
approximately twelve offspring per reproductive worm are produced. 
It is not known whether or not zeteki can live and produce odthecae 
more than once. 

Worms emerging from oéthecae in early summer could, I believe, 
become reproductive during the spring of the ensuing year, whereas 
emergees of the mid-summer period very likely do not attain full 
growth until the end of the following summer and thus are clitellate 
in their second spring. 

The basic two-season life cycle outlined here may vary significantly 
due to extrinsic factors of the soil climate. This is true moreover with- 
in a single region or population; departure from the patterns described 
for northern Michigan, is quite possible in populations of other areas. 


CoNCLUSIONS 
As mentioned earlier in this paper, characterization of the biology 
of an oligochaete is hazardous if strictly regional studies are applied 
to the species in general, regardless of habitat occupancy. As a matter 
of fact, some Lumbricidae show an amazing degree of tolerance in 
their use of different segments of the soil environment. Part of this 
may be explained as the principle of ecological equivalence and to the 
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physiological adaptability of earthworms. Further, both field and lab- 
oratory observations are somewhat subjective inasmuch as the investi- 
gator must make interpretations within the range of his experiences. 
Lumbricus terrestris, for example, so often identified as an inhabitant 
of field and pasture soils, thrives in moist ravines, woodlands, or in 
river forests of Michigan. Here, like Bimastos zeteki it moves freely 
through leafy accumulations, beneath logs, or similar debris. If we 
view terrestris as a forest species, if indeed not as a litter inhabitant, 
many behavioral patterns it exhibits in field or pasture may be seen as 
accommodations to the leafless environment. 

Precise trophic levels are largely unknown for earthworm species. 
Here again, presumed competition between species has been related 
to population density or habitat occupancy per se but not, insofar as 
I am aware, on the basis of their exact nutritional requirements. Un- 
known also are the effects of inhibitory or repellent substances produced 
by worms, which might cause intraspecific responses such as dispersion. 
Observed variations in size of young zeteki in a series of odthecae are 
obviously due to polyembryony but whether based upon nutrition or 
inhibitory mechanisms such as those described by Rose (1959) for 
tadpoles, has not been established. 

Within the family Lumbricidae, considerable uncertainty prevails 
concerning geographic and environmental origins of species. Thus, 
although many activities of Bimastos zeteki are common to nearly all 
earthworms, it is possible that some of its rather specialized reactions 
have their source far removed from existing conditions. 

On the basis of information now available to us concerning the 
biology of Bimastos zeteki in Michigan forest soils, the species may be 
considered clearly adapted to the soil-litter zone. Its presence there is 
independent of interspecific competition but is related to physical con- 
stancy of the habitat. Thus, the environmental stability afforded by 
accumulated leaf layers or a log is itself of greater consequence to the 
worm than the nature of the super-imposed material. The data pre- 
sented further substantiate the very strong control that soil climate 
imposes upon earthworm biology. The strength of such influence, 
insofar as zeteki is concerned, raises doubts as to the efficiency if not 
the very existence of cyclic phenomena regulated by internal rhythms 
of earthworms. 

SUMMARY 


Salient features are presented on the life history of Bimastos zeteki 
Smith and Gittins (Lumbricidae)based upon field and laboratory 
study over a period of three summers. This species is an inhabitant of 
the soil-litter zone; it has an apparent two season life cycle which is 
strongly influenced by vicissitudes of soil climate. In late spring and 
early summer, each mature individual of zeteki may produce from 
two to five odthecae; these are polyembryonic, with generally two, 
three, or four young surviving to emerge. Normally, odthecae are 
encapsulated with soil and placed in burrows immediately beneath 
leaves or a log. Reproductive worms are common in spring and early 
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summer; no fully clitellate individuals were encountered in Michigan 
collections after the end of July. Growth is rapid; worms may achieve 
virtually full size within four months from the time of emergence. 
Growth rate is seemingly substrate-related and, insofar as Michigan 
forests are concerned, substrate availability depends upen soil moisture. 
Migration is the only known response of Bimastos zeteki to water loss. 
Young emerge from oédthecae with the full complement of segments; 
autotomy of terminal segments is readily induced but posterior regen- 
eration has not been observed. On the basis of available information, 
zeteki may be considered an indigenous element of the forest soil-litter 
complex of Michigan. 
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This is a communication of results obtained from artificial hybridi- 
zations between the gray treefrog (Hyla versicolor) and certain other 
anuran species. All of the eggs used in these crosses were obtained 
from a single female H. versicolor. Fertilization was attempted with 
sperm from males of the following species: H. baudini, H. versicolor, 
H. squirella, H. cinerea, Pseudacris clarki, Acris crepitans, Bufo com- 
pactilis and Gastrophryne olivacea. Our objectives were to find out 
if reproductive isolation is a factor in preventing gene exchange be- 
tween H. versicolor and some of the related species with which it is 
sympatric and to determine the extent to which hybridization is pos- 
sible between certain species of varying degrees of relationship. 

Acknowledgments.—We are indebted to Mrs. Sue Lamb, Harris Hospital, 
Fort Worth, Texas, for the preparation of tissue sections, to Dr. Ralph Axtell, 
Sul Ross State College, Alpine, Texas, and Mr. Dexter Betts, Arlington State 
College for the photographs, to Mr. Ted Beimler, Brownsville, Texas, for 


the specimen of Hyla baudini, and to Dr. Clark Hubbs, University of Texas, 
for the use of certain facilities. 


METHODS 


Ovulation was induced by introduction of two anterior pituitary 
glands (from adult male Bufo valliceps) into the peritoneal cavity. 
Laying began approximately seven hours later. Sperm suspensions 
were prepared from testes of the various males in the manner described 
by Rugh (1948) using about 10 cc of aged tap water for each sus- 
pension. Eggs were passed from the female, held in vertical position, 
directly into each sperm preparation. The female was thoroughly 
washed with tap water after each “laying” in order to eliminate the 
possibility of introducing alien sperm into succeeding preparations. 

Developing embryos were placed in enamel pans (16x 10x 2.5 
inches) containing aged, aerated tap water. After hatching, the tad- 
poles were transferred to 10- and 15-gallon aquaria and were fed 
boiled lettuce and, occasionally, strained spinach. Shortly before me- 
tamorphosis began, wooden chips were placed in the tanks for emer- 
gence of the young frogs and the tanks were covered with cheesecloth 
to prevent their escape. Young frogs were maintained on damp soil, 
two to four inches deep, in standard aquaria of the sizes given above. 
They were fed small insects (Drosophila, homopterans and hemipter- 
ans) and mealworms (Tenebrio) . 

Results of the crosses are summarized in Table I. 


1 Part of this work was supported by National Science Foundation grant 
No. G-5494. 
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INTRAFAMILIAL CROSSES 


9 Hyla versicolor x o& H. baudini—A few abnormal cleavages 
were noted in stages preceding blastulation, but most of the early em- 
bryos appeared normal. One hundred and sixty-four tadpoles hatched 
beginning on the third day after fertilization, but most of these died 
within one week after hatching. The surviving tadpoles grew to ap- 
proximately twice the maximum size of controls, possibly due to less 
crowded conditions. Metamorphosis of 10 individuals occurred from 
30 to 50 days after fertilization. Except for their large size, the young 
hybrids were very similar to the control animals (Fig. 1A, B and C). 
One hybrid lacked an eye and another had an elongated lower jaw 
which protruded beyond the rostrum. The head of the latter appeared 
slightly asymmetrical when viewed from above and one of the eyes was 
situated a little farther posterior than the other. 

The young hybrids were bright green at metamorphosis and were 
either green or gray later on. They did not assume the brown or yel- 
low-brown commonly seen in H. baudini. 

One and probably both of the males that survived to sexual ma- 
turity began calling less than four months after fertilization. The 
throats were moderately pigmented and microscopic examination of 
thin sections of the testes revealed apparently normal spermatogenesis, 
as in the controls. These frogs survived a little over 10 months but 
both died before back-crosses could be attempted. Snout-vent lengths 
after preservation were 36.5 mm and 38.7 mm. Both specimens had 
large fat bodies. 

A third surviving individual had a lightly pigmented throat and 
before death was assumed to be a female. After it died, examination 
of the viscera revealed the enlarged gonads to be irregularly oval, 
translucent, fluid-filled sacs. Rupture of the tough surrounding mem- 
brane liberated a straw-colored fluid. Oviducts were not present. 
Microscopic examination of thin sections of the left gonad showed 
that gametogenesis was not occurring. This individual lived 9 months 
and 27 days from the time of fertilization and attained a snout-vent 
length of 41.5 mm (measured after preservation). The fat bodies were 
well developed. 

Hyla versicolor x H. versicolor (control). —No abnormalities 
were observed in early developmental stages. Hatching began on the 
third day after fertilization. Of 237 young tadpoles, only 74 trans- 
formed. Under crowded conditions, rapid accumulation of wastes in 
the latter part of the tadpole stage probably accounts for the high 
mortality. Two of the newly metamorphosed frogs were one-eyed, but 
all of the others appeared normal. Twenty-five young frogs died soon 
after metamorphosis and were not preserved and 34 others were re- 
leased because of limitations on space and food supply. Of 15 frogs 
kept in the laboratory, five males reached sexual maturity and began 
calling about four months after fertilization. Microscopic examination 
of sections of the testis of an adult male revealed normal spermato- 
genesis. One female was evidently approaching sexual maturity at the 
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time of death. The ovaries of this frog were lobed, roughly oval in 
shape, granular and otherwise similar to those of wild-caught H. ver- 
sicolor females, but they did not contain mature ova. All five females 
possessed oviducts. 

The mean snout-vent length of the five males that reached sexual 
maturity was 31.2 mm (range, 30.1 - 31.9). The mean length of the 


Fig. 1.—Photographs of hybrids and control. Not to same scale. A.. 2 
Hyla versicolor x 8 H. baudini hybrid. B. Same cross, different individual. 
C. Hyla versicolor control. D. 2 H. versicolor x & Pseudacris clarki hybrid. 
E. 2 H. versicolor x 8 H. squirella hybrid. F. Same cross, different individual. 


i 
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left testis of the same five males was 3.6 mm (range, 3.2 - 3.8). 
The mean snout-vent length of all 10 males, after preservation, was 
27.9 mm (range, 23.4 - 31.9) ; for the five females the mean snout-vent 
length was 25.0 mm (range, 23.0 - 28.2). Fat bodies were present in 
all 15 frogs. 

Q Hyla versicolor x gf H. squirella—A small number of abnormal 
cleavages occurred in preblastula stages and a few post-gastrula em- 
bryos had distended bellies, but most developed normally. Three hun- 
dred and thirty-five tadpoles hatched on or before the fifth day after 
fertilization, while 16 others were still in tail bud stages on the fifth 
day. One hundred and sixteen frogs metamorphosed between 29 and 
68 days after fertilization. Many of these young frogs died within a 
few days after transformation and were not preserved. Fifty-three frogs 
(preserved after death) survived from two to 24 months after fertili- 
zation. As in the controls, much of the tadpole and young frog mor- 
tality probably resulted from over-crowding. 

One of the young frogs was without an eye, another had abnor- 
mally short femora which considerably reduced the distance it could 
jump, and a third had one of its eyes situated slightly more posterior 
than the other. All of the others were of normal appearance at meta- 
morphosis. 

The young hybrids were bright green immediately after metamor- 
phosis but later their colors ranged through various shades of gray, 
green and dull brown. In size and body form, the adult hybrids were 
more similar to the male than to the female parental species, but they 
resembled H. versicolor in possessing a light subocular spot (Fig. 1E). 
Dark markings of the dorsum were variable but mostly intermediate 
between the extensive irregular blotches common in H. versicolor and 
the smaller spots at times seen in H. squirella. 

Several male hybrids began calling less than four months after 
fertilization. These frogs had light to moderately pigmented throats. 
When an attempt was made to use one of them in a cross, the testes 
could not be located. Later it was discovered that the testes of this 
and several other individuals were imbedded in the fat bodies. In 
others, the testes were partially to completely free of the fat bodies. 
The testes of the adult hybrids were much smaller than those of con- 
trols of comparable size. The mean snout-vent length of five of the 
largest hybrid males was 30.3 mm (range, 30.0 - 30.9) and the mean 
length of the left testis of these five hybrids was 1.6 mm (range, 1.4 - 
1.9). One male hybrid had only one testis. Microscopic examination 
of thin sections of the testes of two mature males with well developed 
fat bodies revealed that spermatogenesis was not occurring in either. 
The mean snout-vent length of 34 preserved males was 27.4 mm 
(range, 21.1 - 30.9). 

Eight hybrid females possessed ovaries, oviducts and fat bodies, 
but all were immature at death. The ovaries did not contain mature 
eggs and the oviducts were small and relatively straight. The mean 
snout-vent length after preservation was 24.1 mm (range, 20.7 - 26.3). 

The sex of the remaining 11 individuals was uncertain. Three of 
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these (snout-vent lengths 27.9, 27.5 and 27.4 mm) had well-developed 
fat bodies but had neither gonads nor oviducts; one (snout-vent length 
25.0 mm) had only one gonad (structurally similar to the ovaries of 
controls), no oviducts and no fat bodies; two (snout-vent lengths of 
25.5 and 22.8 mm) had such rudimentary reproductive structures that 
the sex could not be ascertained; and the sex of five specimens was 
unknown because of the poor state of preservation. 

9 Hyla versicolor x & H. cinerea.—Some of the very early cleav- 
ages were abnormal. None of the tadpoles survived more than a few 
days after hatching, which occurred about the fifth day after fertiliza- 
tion. 

Q Hyla versicolor x 3 Pseudacris clarki—Difficulties during gas- 
trulation resulted in most of the embryos having distended bellies. 
Hatching occurred about the fifth day after fertilization and six tad- 
poles transformed between 39 and 49 days after fertilization. Two of 
the young frogs failed to climb out of the water and were drowned 
shortly after metamorphosis. Two survived three and one-half months 
after fertilization but both were immature at the time of death. Their 
snout-vent lengths after preservation were 17.8 mm and 22.9 mm. 
They possessed neither gonads, oviducts nor fat bodies. The remain- 
ing two individuals survived longer and attained a larger size, but they 
were not discovered soon enough after death to be preserved. They 
were both believed to be mature at the time of death. A. P. Blair 
(Moore, 1955) also obtained adults from this cross. 

In general appearance (Fig. 1D) and habit, the hybrids resembled 
Pseudacris clarki more so than Hyla versicolor. Unlike the controls, 


TasLe I.—Results of laboratory crosses between a female Hyla versicolor 
from Bastrop County, Texas, and males of the species shown in the left hand 
column (counties in which the males were collected are given where these are 
known; all were collected in Texas). 


No. Cleav- Metamor- 
Male of age Hatched phosis Stage 
eggs (%) (%) (%) reached 
Hyla baudini — 322 724 50.9 3.1 Adult 
Cameron County 
H. versicolor (control) 301 100.0 78.7 24.6 Adult 
Bastrop County 
H. squirella 377 98.9 88.912 30.8 Adult 
H. cinerea 141 85.1 31.22 — Young tadpole 
Pseudacris clarki 426 99.8 43.0 1.4 Adult 
Travis County 
Acris crepitans 90 72.2 44.4! as Young tadpole 
Travis County 
Bufo compactilis 368 97.8 — — Tail bud 
Gastrophryne olivacea 337 5.9 — — Blastula 


1 Includes some embryos that had not yet hatched but were very near to 
hatching at time counts were made. 
2 Does not include 16 embryos in tail bud stages at time counts were made. 
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they seldom climbed about on the sides of the aquarium and during 
the day they usually remained hidden beneath chips of bark on the 
aquarium floor. 

9 Hyla versicolor x & Acris crepitans—A few abnormal cleav- 
ages were noted in preblastula stages. Forty embryos had hatched or 
were very near to hatching by the fourth day after fertilization but 
none survived more than a few days after hatching. A. P. Blair 
(Moore, 1955) obtained embryos from this cross which survived to 
gastrulation or later. 


INTERFAMILIAL CROSSES 


9 Hyla versicolor x o& Bufo compactilis—All of the embryos 
showed abnormalities in early cleavage stages. All except 10 died be- 
fore gastrulation and none hatched. 

Q Hyla versicolor x & Gastrophryne olivacea—Some abnormal 
cleavage occurred in all of the few that developed. All died before 
gastrulation. 

The embryos of this and the preceding cross may have been 
haploids. 

Discussion AND SUMMARY 


Results of the crosses agree in a general way with the commonly 
recognized systematic arrangement of the species concerned here. The 
only crosses (? Hyla versicolor x & Bufo compactilis and 9 Hyla ver- 
sicolor x & Gastrophryne olivacea) which failed to produce tadpoles 
involved species of different families (Bufonidae and Microhylidae, 
respectively). Within the family Hylidae, the intergeneric cross 9 Hyla 
versicolor x of Acris crepitans produced tadpoles, but none of these 
reached metamorphosis, whereas the cross 9 Hyla versicolor x 
Pseudacris clarki produced six young frogs, at least two of which ap- 
peared to be mature at the time of death. Most authors agree that 
the phylogenetic relationship between Pseudacris and Hyla is very 
close and some doubt the validity of the genus Pseudacris as distinct 
from Hyla (Noble, 1931; Moore, 1955; W. F. Blair, 1959). 

Mature offspring were obtained from two of the crosses within the 
genus Hyla (@ versicolor x & baudini and 9 versicolor x 3 squirel- 
la), while the other intrageneric cross (2 versicolor x gf cinerea) pro- 
duced tadpoles which failed to reach metamorphosis. We do not re- 
gard the latter as indicating distant relationship between the two par- 
ental species. It seems clear that the production of a viable adult F; 
demonstrates a considerable degree of genetic similarity, but the fail- 
ure to do so does not necessarily indicate otherwise, particularly in 
the absence of any supporting evidence from other sources. 

H. versicolor ranges over most of the eastern United States west 
to the Great Plains and is sympatric with the male parental species of 
two of the three hybrid combinations from which viable adults were 
obtained. H. squirella occurs in the coastal plain from southern Texas 
to Virginia; its range is included entirely within that of H. versicolor 
except in most of peninsular Florida where versicolor is absent. Both 
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species breed over relatively long periods in the spring and summer 
and they often utilize the same breeding sites. On several occasions 
we have observed mixed breeding congresses in southeastern Texas and 
southern Mississippi which included these two forms. The males were 
usually calling from the ground or from shrubs and small trees near 
shallow rain pools. Although neither geographical nor ecological iso- 
lation is complete, no natural versicolor x squirella hybrids have been 
reported. Other possible isolating mechanisms which may be func- 
tional in preventing hybridization between these two species are dif- 
ferences in size (squirella is smaller than versicolor), and. breeding 
call. Basic differences in the calls of squirella and versicolor have been 
shown by the sound spectrograph analyses of W. F. Blair (1959). 

Results of the laboratory crosses indicate little difference in via- 
bility between the controls and versicolor x squirella hybrids. How- 
ever, the two hybrid males examined cytologically were sterile since 
they had evidently failed to produce sperm, and three other indi- 
viduals lacked gonads altogether. It is possible that sterility among the 
hybrids was the result of inadequacies in laboratory technique, but this 
seems unlikely since the above mentioned sterile individuals possessed 
well-developed fat bodies and showed no other evidence of physical 
deficiency. The 15 controls possessed gonads of normal appearance 
and spermatogenesis was occurring in the testis of the male examined. 
We think it probable that if versicolor x squirella hybrids occur natur- 
ally, at least some will be sterile where versicolor is the female parent. 

We were unable to test for fertility of the versicolor x squirella fe- 
male hybrids, since none reached sexual maturity, but among the F, 
lot there was a disproportionately low number of females. Excluding 
the 11 individuals of uncertain sex, 34 of 42 frogs were males. As- 
suming the sexes to be of equal probability of occurrence, deviation 
from the expected 1:1 ratio is significant (x?=14.880). There were 
also fewer females (five) than males among the 15 control frogs but 
deviation from an expected 1:1 ratio is not significant (x?= 1.066). 
If our assumption that the sexes should by chance occur in approxi- 
mately equal numbers is correct, these data indicate that either fewer 
hybrid females than males were produced or that they were less viable 
than the hybrid males under laboratory conditions. 

Pseudacris clarki is a grassland prairie species ranging from central 
Kansas through the middle portions of Oklahoma and Texas. Breed- 
ing occurs during or after rains from early spring through late sum- 
mer. Grass-margined ponds and temporarily flooded fields are pre- 
ferred breeding sites. Approximately the eastern one-third of the range 
of P. clarki is included within that of H. versicolor, however natural 
hybrids between the two are unknown. These species may occasionally 
use the same breeding sites at the same time, but differences in size 
(clarki is smaller than versicolor) and breeding behavior pro‘ably di- 
minish the chances of cross matings. Although the males of both spe- 
cies may call from the ground near the breeding site, the call of verst- 
color is commonly uttered from shrubs or trees where the males may 
be perched 10 feet or more above the ground. Unlike versicolor, clarki 
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is not arboreal. Male clarki usually call while in the water holding to 
partially submerged vegetation, or from grass clumps in or very close 
to the water. To the human ear, the calls of the two species are very 
different. 

In the laboratory crosses, relatively fewer versicolor x clarki hybrids 
survived through hatching and metamorphosis than controls, which 
probably indicates that the developing hybrids were less viable. At 
least two of the six hybrid frogs were without gonads at the time of 
death, but since they also lacked fat bodies, sterility may not have 
been the result of their hybrid origin. According to Noble (1931), 
the fat bodies are necessary for maintaining the health and normal 
development of the gonads. 

Hyla baudini ranges from Honduras northward through Mexico 
and into extreme southern Texas, but fails to contact the range of 
H. versicolor by approximately 200 miles. In Texas, versicolor occurs 
as far south as Victoria in Victoria County and baudini is known from 
Cameron and Hidalgo Counties (Brown, 1950). Although we did not 
obtain a breeding test for fertility of the laboratory hybrids from the 
cross H. versicolor x H. baudini, the allopatric distribution of the 
parental species precludes any possible gene exchange between them 
at the present time. Survival of relatively fewer hybrids than controls 
through hatching and metamorphosis and the failure of one of three 
adult hybrids to produce gametes suggests that reproductive isolation 
has been at least partially established. 
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Eleocharis, Subseries Palustres, in Illinois 
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REcENT TAXONOMIC STATUS 


According to the latest monograph (Svenson, 1957), the genus 
Eleocharis is composed of eight series which are based mainly on mor- 
phological characteristics. In the past, the taxa belonging to the sixth 
series, Series Palustriformes, have been the subjects of many disputes 
due to the close similarities of the taxa within the series. The Series 
Palustriformes is composed of two subseries, Palustres and Truncatae. 
Six species are included in Subseries Palustres by Svenson: Eleocharis 
kamtschatica, E. fallax, E. erythropoda (E. calva of most authors), E. 
halophila, E. macrostachya (E. mamillata of some authors), and E. 
smalli (American E. palustris of some authors). Of these six species, 
three have been reported from Illinois—E. erythropoda, E. macros- 
tachya, and E. smalli. 

Approximately thirty years ago Fernald and Brackett (1929) con- 
ducted an extensive study on the Palustres complex. Of the three taxa 
cited by Svenson (1957), Fernald and Brackett had construed four 
species, namely E. palustris from Europe and North America, E. smal- 
li from North America, E. mamillata from Europe and North Amer- 
ica, and E. calva from eastern Asia, the Hawaiian Islands, and North 
America. 

Later Svenson (1939) cited five species from this group, these be- 
ing E. palustris, E. smalli, E. calua, E. mamillata, and E. macrostachya, 
of which E. mamillata was considered to be European and E. macros- 
tachya, to be of the western United States. 

Gilly (1946) with his work in Iowa recognized two species from 
Subseries Palustres—E. calva and E. macrostachya. He was unable to 
separate middle western plants with more acute scales and firm culms, 
usually identified as E. smalli by most workers, from the typical E. 
smalli because of a series of complex intergradations. He suggested 
that E. smalli might apparently belong to the Atlantic Coast region, 
and perhaps not readily separated from other species of the Palustres 
complex. 

Fernald (1950) recognized four species of the Palustres group from 
North America: E. palustris, E. smalli, E. macrostachya, and E. calva. 
Jones (1950) also cited four species from this group in Illinois, rec- 
ognizing the same ones that Fernald recognized, but replacing E. mac- 
rostachya with E. mamillata. Both Fernald and Jones used characters 
of the achene, fertile scales, and culms in their differentiation of the 
species. 

Gleason (1952) recognized two species from North America, 
namely E. palustris and E. calva. Eleocharis calva is described as hav- 
ing a single large basal scale that completely encircles the culm, and 
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E. palustris, among other things, as having 2 or 3 basal scales. He also 
stated that E. palustris is usually segregated into three species: £. 
smalli, E. palustris, and E. macrostachya, each of which is variable 
and seems to be a phase of a single broad species. 

Svenson (1957), in his latest monograph, recognized three species 
of this group from North America: E. erythropoda (replacing E. cal- 
va), E. macrostachya, and E. smalli. Eleocharis smalli is said to be the 
common E. palustris of New England with the European E. palustris 
apparently not being found in North America. 


ANALYSIS OF CHARACTERS 


Upon preliminary examination, the Illinois specimens of Subseries 
Palustres presented a problem in that they were difficult to classify in- 
to E. erythropoda, E. smalli, and E. macrostachya. As a result, a de- 
tailed study was made of all available specimens of Illinois material. 
The plant structures that showed the greatest possibilities of becoming 
major diagnostic structures were used in the detailed work. Such struc- 
tures as stolons, sheaths, tubercles, and bristles were omitted from the 
study because of their variability and/or uniformity. The criteria used 
were the presence or absence of a single basal suborbicular scale that 
completely encircles the culm; culm thickness; spikelet shape and 
length, and color; and achene shape, length, and color. Each of these 
criteria will be discussed separately. A total of 203 Illinois specimens 
were carefully examined. The authors also had the opportunity to 
study several European and Western United States specimens depos- 
ited in the herbarium of the Missouri Botanical Garden. 

Traditionally, E. erythropoda (E. calva of most authors) always 
has been described as having a single large suborbicular scale that 
completely encircles the culm. Svenson (1957) states that E. macros- 
tachya may at times possess a single large suborbicular scale that com- 
pletely encircles the culm. From modified scatter diagrams employed, 
it could be observed that the specimens with one basal scale appeared _ 
to be somewhat different in form as compared to the specimens with 
2 or rarely 3 basal scales. Thus two large distinct categories were es- 
tablished: Group A having plants with one large suborbicular basal 
scale, and Group B having plants with 2 or rarely 3 basal scales. 

Eleocharis erythropoda is described as having culms nearly fili- 
form, 0.5-1.5 mm wide; E. smalli as having culms firm and wiry, 
0.5-5.0 mm wide; and E. macrostachya as having culms filiform to 3.0 
mm wide. Group A specimens possess culms ranging from 0.4-1.5 mm 
wide, averaging 0.6 mm, while the culms in Group B range from 
0.6-2.7 mm wide, averaging 1.3 mm. 

Eleocharis erythropoda supposedly has lanceolate spikelets 10-17 
mm long; E. smalli has spikelets narrowly lanceolate, frequently be- 
coming ovate and loosely-flowered in age, usually acute, and 5-20 
mm long; and E. macrostachya has spikelets lanceolate (rarely ovate) 
and acuminate. Group A possesses spikelets that are ovate and acute, 
elliptic and acute, lanceolate and acute, or rarely lanceolate and acum- 
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inate with a cuspidate tip (6 specimens) 5-18 mm long, averaging 11 
mm. Group B possessed spikelets that are ovate and acute, elliptic and 
acute, lanceolate and acute, lanceolate and acuminate, or lanceolate 
and acuminate with a cuspidate tip, 7-29 mm long, averaging 15 mm. 
Spikelet length and shape vary considerably in both groups. An indi- 
vidual specimen of either group may have three different forms of 
spikelets. This situation is especially common in Group B. 

Eleocharis erythropoda is recorded as having brown fertile scales; 
E. smalli as having lanceolate fertile scales, pale to dark brown with 
rigid, acuminate, sometimes spreading tips; and E. macrostachya as 
having lanceolate fertile scales, firm, acute, scarcely hyaline at the apex 
and usually with a pale midrib and brown to black margins. The 
scales in Group A are ovate and obtuse to lanceolate and acute, the 
lowermost scales always ovate and obtuse with the uppermost scales 
lanceolate and acute, 1.1-3.7 mm long, averaging 2.8 mm, brown or 
straw-colored with a light midrib and hyaline margin. The scales in 
Group B are lanceolate and acute to lanceolate and acuminate, rare- 
ly ovate and obtuse, usually the lowermost scales of the spikelet lance- 
olate and acute or rarely ovate and obtuse and the uppermost scales 
lanceolate and acuminate, 2.7-4.5 mm long, averaging 3.4 mm, brown 
or straw-colored with a light midrib and hyaline margin. Only 5 speci- 
mens in Group B possess ovate and obtuse scales on the lower part of 
the spikelet. On these same specimens, the upper scales are lanceolate 
and acuminate (4 specimens) or lanceolate and acute (1 specimen). 
In all other respects these specimens are generally identical in form 
and appearance to the other specimens of Group B. 

Eleocharis erythropoda achenes are described as being obovate, 
dark brown when mature, averaging 1.7 mm long (including the 
short, conic tubercle) and 1.0 mm wide; E. smalli achenes as being 
obovoid, averaging 2.0 mm long (excluding the depressed deltoid to 
elongate tubercle) and 1.1 mm wide, becoming dark brown in age; 
and E. macrostachya achenes as being obovate, glistening yellow 
when immature, becoming dark brown, averaging 1.8 mm long (not 
including the depressed deltoid to lanceolate tubercle) and 1.0 mm 
wide. Achenes of Group A are obovoid, 1.0-1.3 mm long, rarely 
1.4-1.6 mm long (excluding the variable tubercle), yellow, becoming 
dark brown with age. Achenes of Group B are obovoid, 1.2-1.6 mm 
long, rarely 1.1 mm long (excluding the variable tubercle), yellow, 
becoming dark brown with age. 


SUMMARY AND CONCLUSIONS 


The authors feel that all specimens of Group A should be con- 
sidered as one distinct species, and all specimens of Group B should 
be considered as a second distinct species for the following reasons: 
(1) Group A specimens with a large single basal suborbicular scale 
generally have thinner culms than Group B specimens which lack 
the large single basal suborbicular scale; (2) Group A specimens gen- 
erally have shorter spikelets than Group B specimens; (3) Group A 
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specimens have scales that are usually smaller and predominantly 
ovate and obtuse to lanceolate and acute, while Group B specimens 
have scales that are generally larger and lanceolate and acute 
to lanceolate and acuminate. Achenes of Group A are identical to 
achenes of Group B as far as texture, color, and shape are concerned; 
however, the achenes of Group A are generally smaller than the 
achenes of Group B. The tubercles are essentially the same in both 
groups, being straw-colored or brown and short truncate to lanceolate 
and acuminate. The stolons, sheaths, and bristles are essentially the 
same in both groups. 

The majority of the specimens in Group A have been determined 

' previously as E. calva, and all of the Group A specimens fit Sven- 
son’s description of E. erythropoda. Svenson states that E. macro- 
stachya may at times possess a single large suborbicular basal scale; 
however, all of our Group A specimens fall under the description of 
E. erythropoda rather than E. macrostachya. 

The majority of Group B specimens were determined as £. pa- 
lustris, E. smalli, E. mamillata, or E. macrostachya. Due to the 
intergrading characters, it is utterly impossible to separate individuals 
of Group B into different species or varieties. European specimens 
identified as E. palustris are essentially identical to Illinois specimens 
of Group B; however, the uppermost scales of the European E. 
palustris tend to be somewhat more lanceolate and acute, rather than 
lanceolate and acuminate. Variation in scale shape seems to be quite 
common as indicated by the five specimens of Group B that possess 
ovate and obtuse scales on the lower part of the spikelet. Specimens 
determined as E. macrostachya from Texas, Utah, and Missouri are 
essentially identical to Illinois Group B specimens. None of the ex- 
amined E. macrostachya specimens possesses a single large sub- 
orbicular basal scale. It is recommended that all Group B specimens 
should be known as E. palustris as proposed by Gleason (1952). 

As a result, the species of Eleocharis, Subseries Palustres, in IIli- 
nois, may be known as follows: 


1. Eleocharis erythropoda Steud, Syn. Cyp. 76. 1855 [T: Ohio, Frank]. 


Scirpus glaucus Torr. Fl. U.S. 44. 1824, non Lam. (1791). 
Eleocharis calva Torr. Fl. N.Y. 2:346. 1843, nomen provisiorum. 
Eleocharis palustris var. calua Gray, Man. 522. 1848. 


Culms 0.4-1.5 mm wide, averaging 0.6 mm; spikelets ovate and 
acute, elliptic and acute, lanceolate and acute, or lanceolate and 
acuminate with a cuspidate tip, 5-18 mm long, averaging 11 mm, 
with a large single suborbicular basal scale completely encircling the 
culm; scales ovate and obtuse to lanceolate and acute, 1.1-3.7 mm 
long, averaging 2.8 mm, brown or straw-colored with a light midrib 
and hyaline margin; achenes obovoid, 1.0-1.3 mm long, rarely 1.4- 
1.6 mm long (excluding the tubercle), yellow, becoming dark brown 
with age. 
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2. Eleocharis palustris ‘(L.) Roem. & Schultes, Syst. 2:151. 
1817. [T: European]. 


Scirpus palustris L. Sp. Pl. 47. 1753. 

Eleocharis calva of authors, non E. calva Torr. 1843. 

Eleocharis mamillata of authors, non Lindb. f. 1902. 

Eleocharis macrostachya Britt. ex Small, Fl. SE. U.S. 184. 1903. 
Eleocharis smalli Britt. in Torreya 3:23. 1903. 


Culms 0.6-2.7 mm wide, averaging 1.3 mm; spikelets ovate and 
acute, elliptic and acute, lanceolate and acute, or lanceolate and 
acuminate with a cuspidate tip, 7-29 mm long, averaging 15 mm, 
with 2 or rarely 3 basal scales; scales ovate and obtuse to lanceolate 
and acuminate, 2-7-4.5 mm long, averaging 3.4 mm, brown or straw- 
colored with a light midrib and hyaline margin; achenes obovoid, 
1.2-1.6 mm long, rarely 1.1 mm long (excluding the tubercle), yel- 
low becoming dark brown with age. 
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The Subspecies of Cambarus diogenes 


GUY MARLOW 


Tulane University, New Orleans, Louisiana 


INTRODUCTION 


The aims of this research were (1) a taxonomic investigation of 
Cambarus diogenes and its subspecies, (2) a morphometric analysis 
of population variation, and (3) a presentation of distribution pat- 
terns and ecology of the subspecies. 

Due to their burrowing habit, crawfish of this species are difficult 
to collect and no institution has a large series. Several major crawfish 
collections were examined. These included 1,206 preserved C. diogenes 
collected in many areas in the United States (Table I). 

Girard (1852) first described C. diogenes from Washington, D. C. 
Subsequently, the species was recorded in Alabama, Arkansas, Colo- 
rado, Delaware, Florida, Georgia, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana, Maryland, Michigan, Mississippi, Missouri, 
Nebraska, New Jersey, North Carolina, Ohio, Oklahoma, Pennsyl- 
vania, South Carolina, Tennessee, Texas, Virginia, West Virginia, 
Wisconsin, and Wyoming (Fig. 1). Williams and Leonard (1952) 
state that this range is one of the most extensive for any species of 
crawfish in the United States. 

Variations of the species have been reported. Faxon (1898) 
described male form II specimens from Belmond, Iowa, differing 
from typical C. diogenes in having a long rostrum with a narrower, 
more tapering acumen. Ortmann (1906), analyzing Pennsylvania 
specimens, described differences between eastern and western forms 
on areola obliteration, rostrum and acumen shape, tuberculations 
on the chelae, and the proportionality of the chelae measurements. 
Rhoades (1944), in an analysis of Kentucky specimens, claimed to 
have found differences in eastern and western forms based on the 
degree of areola obliteration. Both Ortmann (loc. cit.) and Rhoades 
believed these to be intergrades. Ortmann also stated that Tennessee 
specimens were intergrades. 

Faxon (1884) described a new variety (ludoviciana) from the 
New Orleans area based on the shape of the cephalothorax and ros- 
trum. Since that time, C. d. ludovicianus has been reported also by 
Ortmann (1931) from Bolivar County, Mississippi, and Obion 
County, Tennessee. 

One of the basic differences between the subspecies, particularly 
in the juvenile forms, is the color pattern of C. d. ludovicianus, which 
is discussed in a later section under “Color” in the description of the 
crawfish. 

Ontogenetic variation has not been considered for this species 
and is discussed under the section “Statistical Analysis.” Ecology and 
life history are also discussed under their respective sections. 
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TasLe I.—Specimen distribution according to states male form I, 
sexually mature; @II, male form II, sexually immature; 2, adult female, non- 
ovigerous; Qe, adult female, ovigerous; j¢, juvenile males; j2, juvenile fe- 
males; all juveniles less than 15 mm cephalothorax length). 


State Q Qe js je? 
C. d. ludovicianus 

Louisiana 8 9 33 3 124 77 
C. d. diogenes 

Alabama 6 7 14 1 0 0 
Arkansas 1 4 5 0 0 0 
Colorado 6 0 8 0 0 1 
Delaware 0 1 1 0 0 0 
Florida 6 13 18 0 0 0 
Georgia 2 8 9 1 2 0 
Illinois 8 3 4 0 0 0 
Indiana 43 2 16 0 0 1 
Iowa 1 0 1 0 0 0 
Kansas 4 6 15 4 0 0 
Kentucky 4 8 16 3 0 2 
Louisiana 6 18 30 0 34 59 
Maryland 13 12 17 1 10 9 
Michigan 18 7 15 0 0 0 
Mississippi 2 8 32 0 2 1 
Missouri 0 10 6 0 0 2 
Nebraska 0 4 4 0 0 0 
New Jersey 1 0 1 0 0 0 
North Carolina 2 3 13 aa 0 3 
Ohio 7 8 8 1 1 3 
Pennsylvania 39 47 93 3 0 8 
South Carolina 1 0 1 0 0 0 
Tennessee 7 13 20 1 1 5 
Texas 0 1 1 0 0 4 
Virginia 13 11 26 5 1 3 
Washington, D. C. 1 0 2 1 0 0 
West Virginia 2 1 5 0 0 0 
Wisconsin 1 7 15 0 0 0 
Wyoming 0 5 5 0 0 0 
Total 202 216 434 28 175 179 
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METHODS AND MATERIALS 


Measurements were made on adult and juvenile specimens. Juve- 
niles (under 15 mm) were examined when a large series from a 
single female or a single locality was obtained. The source and num- 
ber of specimens are included in Table II. 

For the juvenile specimens, measurements were made of the 
lengths of the areola and cephalothorax. A ratio, cephalothorax 
length/areola length, was then calculated. 

Not all measurements on adult specimens are shown on Figure 2. 
Measurements were cephalothorax length, cephalothorax width, ros- 
trum width, distance between the postorbital spines, areola length, 
chela length, palm width, and dactyl length. In addition, antennal 
scale length, antennal scale width, pleopod length of male forms I 
and II, ischial spine length of the third pereiopod in male forms 
I and II, and annulus ventralis length and width in adult females 
were also measured. Ratios calculated were cephalothorax 
length/areola length, cephalothorax length/rostrum length, antennal 
scale length/width, cephalothorax length/ cephalic portion of 
cephalothorax length, cephalothorax length/width, cephalothorax 


Taste II.—Age, sex and total number of specimens examined: C.D.D., 
Cambarus d. diogenes; C.D.L., Cambarus d. ludovicianus, TU., Tulane; C.M., 
Carnegie Museum; H.H.H., Hobbs; A.N.S.P., Acad. Nat. Sci. Phila.; 
K.U.M.N.H., Kansas Univ. Mus. Nat. Hist.; U.S.N.M., U. S. Nat. Mus.; 
and M.C.Z., Mus. Comp. Zool. 


1960 
|| vo] or] 
| | | | 


232 THE AMERICAN MIDLAND NATURALIST 64(1) 


Fig. 1.—Distribution of Cambarus diogenes diogenes samples examined. 
Each dot represents a single county 


th 


4 


Fig. 2.—Standard crawfish measurements: 1—Rostrum length. 2.—Post- 
orbital spine width. 3—Cephalic portion of cephalothorax length. 4—Cepha- 
lothorax length. 5—Areola length. 6—Palm width. 7—Dactyl length. 8— 
Chela length. 
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length/ chela length, chela length/rostrum length, rostrum length/ 
width, chela length/palm width, and chela length/dactyl length. 

For clarification of data and for discussion of problems concern- 
ing the subspecies of C. diogenes, the data have been divided accord- 
ing to river drainages (Fig. 3). The specimens from the various 
collections are designated as follows: male form I (oI), male form 
II (SII), adult females (9), females with eggs (Qe), juvenile 
females (j?), and juvenile males (jd). 

In the section on “Statistical Analysis,’ Student’s ¢ test was 
applied to discern the significance of differences between means of 
various samples. Except for a large series from Mississippi, mean 
values are considered significantly different at the 5 percent level 
of confidence (t = 1.67). Comparisons were made between the 
mean value for a single drainage and that for the entire sample of 
C. d. diogenes. In the case of the one large drainage area from 
Mississippi, the test is used for comparison of this individual lot with 
specimens from the rest of the Mississippi drainage. 

The major drainage areas are as follows: Mississippi River, 
Sabine River, Chattahoochee River, Missouri River, North Platte 
River, Delaware River, Ohio River, Tennessee River, Pearl River, 
Atlantic Coast Drainage (exclusive of Potomac River), Potomac 
River, Great Lakes Drainage, Wabash River, Red River, and the 
Alabama River. The drainage area for C. d. ludovicianus is treated 
separately. 

ACCOUNTS OF SUBSPECIES 
Cambarus diogenes diogenes Girard 


C. d. diogenes has been adequately described by zoologists. For 
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Fig. 3—Major river drainages: 1—North Platte. 2—-Missouri. 3—Méissis- 
sippi. 4—Wabash. 5—Ohio. 6.—Delaware. 7—-Potomac. 8—Mid-Atlantic. 
9—Tennessee. 10—Alabama. 11—Pearl. 12—-Arkansas. 13—Sabine. 14— 
Red. 15—Chattahoochee. 16—Great Lakes. 
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the most recent description, I refer the reader to Williams and Leon- 
ard (1952) and add here only the new material produced by the 
present investigation. 


Synonymy.—Cambarus diogenes Girard, 1852, Proc. Acad. Nat. Sci. Phila., 
6:88; Cambarus nebrascensis Girard, 1852, Proc. Acad. Nat. Sci. Phila., 6:91; 
Cambarus obesus Hagen, 1870, Illus Cat. Mus. Comp. Zool., 3:81; Cambarus 
dubius Osborn and Williamson, 1898, Ann. Rept. Ohio State Acad. Sci., 6:21 
(non dubius Faxon); Cambarus (Bartonius) diogenes Girard, Ortmann, 1905, 
Proc. Amer. Philos. Soc., 44:120; Cambarus diogenes diogenes Girard, Hobbs, 
1942, Am. Midl. Nat., 28(2) :334. 

Type locality is Washington, D. C., with the type specimens unknown; 
paratype in collection of the Academy of Natural Sciences in Philadelphia 
according to Faxon (1914). 


Diagnosis—Cephalic portion of cephalothorax length/areola 
length ratio always more than 1.40 (mean 1.49); cephalothorax 
length/areola length 2.49; areola obliterated; antennal scale length/ 
width less than 1.45. 

Male form I. Areola length 41 percent of entire length of ceph- 
alothorax. Antennal scale length/width less than 1.45. 

Female. Annulus ventralis 1.4 times as wide as long. 


Color.—An over-all dark-colored crawfish. The ground color of 
the dorsal surface shades from olive-green to brown; the ventral 
surface is entirely cream colored. The chelae shade from olive-green 
at the base of the finger to creamy buff at the apices, with both fin- 
gers tipped in red. The joints of the pereiopods are reddish brown. 
Young specimens are mostly green, with the older specimens mostly 
dark brown. This color pattern of the adult is universally agreed 
upon by zoologists. 

Color varies greatly among the members of this subspecies. The 
coloration may be due to the chemical composition of the soil in 
which these animals live. 

Ortmann (1905), writing about Pennsylvania specimens, stated 
that the ground color was brownish or olive-green in the eastern 
portion of the state, with purple-brown ground color in the western 
portion of the state. The rest of the coloration of the eastern form 
closely resembles the descriptions of other zoologists. In western 
Pennsylvania, a verdigris green is present at the base of the fingers, 
the chelae are orange-red tipped, with the rostrum having a reddish 
margin. A dull red ground color has also been reported in this area. 

Hobbs and Marchand (1943) reported two color variations, a 
solid color phase and a striped phase, of this subspecies from the 
Reelfoot Lake area. The striped phase has an olive-green ground 
color, with the margins of the rostrum and cervical groove having a 
reddish cast. The thoracic region has a whitish-tan mid-dorsal stripe 
and the abdomen has three longitudinal stripes of the same color. 
These abdominal stripes have also been seen by me in preserved 
specimens from Mississippi. The telson and uropods have pinkish- 
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red borders, with the median portions iridescent green. The chelae 
are tipped in red and the pereiopod joints are reddish. 

The solid phase has an olive-green ground color with an un- 
marked cephalothorax. The posterior margins of the abdominal 
segments are outlined with a thin red band, while the margins of 
the uropods and telson are red. The ridges of articulation of the 
chelae are red. 

Specimens from Hobbs’ collection from South Carolina and 
northern Georgia show a ground color of dull purple with the ven- 
tral surface cream to golden. This color persists on the articulation 
surface of the chelae with the tips of the fingers red. Joints are also 
red, and no abdominal stripes have been found. 

Turner (1926), in Ohio specimens, found the ground color 
brownish-green, the ventral surface buff to cream, the cephalothorax 
reddish at the margins, and the tips of the claws red. 

Faxon (1885), in Washington, D. C. specimens, described the 
basic ground color as olive, with the ventral surface cream. The 
margins of the rostrum are red as well as the margins of the post- 
orbital ridges and the margins of the abdominal segments. The 
chelae are cream colored within, witlf reddish fingers tipped in red. 

Pearse (1909) gave the ground color as brown. The margins of 
the rostrum and posterior borders of the abdominal segments red. 
The chelae are greenish and brown with the outer margins bordered 
in white. 

Hobbs collected two specimens with additional color variations 
and supplied his notes on them. These were examined and subse- 
quently diagnosed by the author as C. d. diogenes. The color pat- 
terns, however, are distinct from any so far reported. The first 
specimen (HHH 4-1258-9b, Gordon Co., Georgia) shows the ros- 
trum outlined in orange, with the dorsal surface of the cephalothorax 
and abdomen a pinkish-gray. The entire ventral surface is pinkish- 
cream. The abdominal segments are tipped in pinkish-cream with 
the posterior margins of the segments lined in pinkish-gray. The 
palm of the chela is black on the dorsal medial surface with white 
tubercles; the dorsolateral surface is pale orange; the ventral surface 
is entirely cream. The area adjacent to the movable finger is pinkish- 
orange. The chelae are tipped in pinkish-orange. The legs are 
entirely cream. 

The second specimen (HHH 4-1358-8, Cherokee Co., Alabama) 
has a ground color of lavender-gray. The tips of the abdominal seg- 
ments are pinkish-cream as well as the posterior margins of the 
segments. The lateral uropod segments are the same color on the 
margins. The ventral surface is entirely cream. The palm is black 
on the medial surface with white tubercles. The lateral margin is 
orange. The distal half of the immovable finger and the distal third 
of the dactyl are scarlet. The margins of the rostrum are outlined in 
a pinkish color. 

The majority of the specimens of C. c. diogenes examined were 
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of the solid colored phase as described by Hobbs and Marchand 
(1943). 

The foregoing description tends to emphasize the following 
points: (1) C. d. diogenes coloration and striping varies from section 
to section of its range, with no single color pattern being localized 
in one particular drainage, and (2) the solid color phase is the most 
typical coloration of C. d. diogenes occurring in all sections of its 
range. 

Cambarus diogenes ludovicianus Faxon 


Synonymy.—Cambarus diogenes Girard (in part), 1852, Proc. Acad. Nat. 
Sci. Phila., 6:88; Cambarus obesus Hagen (in part), 1870, Illus. Cat. Mus. 
Comp. Zool., 3:81; Cambarus diogenes var. ludoviciana Faxon, 1884, Proc. 
Amer. Acad. Arts and Sci., 20:144; Cambarus diogenes Girard (in part), Shu- 
feldt, 1896, The Observer, 7:85. 

Type locality of this subspecies is New Orleans, Louisiana; co-type speci- 


mens are deposited in the United States National Museum (USNM 5625 and 
5504). 


Diagnosis—Ratio of cephalic portion of cephalothorax length/ 
areola length always less than 1.30 (mean 1.24); sides of cephalo- 
thorax more or less parallel, or slightly ovate; cephalothorax length/ 
areola length 2.24; areola obliterated; rostrum narrow; antennal 
scale length/width greater than 1.45; sides of antennal scale nearly 
straight or parallel. Annulus ventralis as long as wide with fossa 
on right side; sinus originating on right side, then turning medially 
to midline and from there continuing posteriorly on midline. 


Description Male form I. Body narrow with sides nearly paral- 
lel or slightly ovate; abdomen only slightly wider than cephalic 
portion of cephalothorax; greatest width of thorax about halfway 
caudad between cephalic groove and end of thoracic portion. 

Areola obliterated; cephalic portion of cephalothorax 1.24 times 
as long as areola; areola length about 45 percent of entire length of 
cephalothorax. 

Rostrum directed slightly cephaloventrad; upper surface is deeply 
excavated; no spines, rostrum curves gently into acumen which ends 
in a slight spinous structure, hence, it is not set off. Margins of ros- 
trum glabrous, one row of punctulations on rostral border, central 
portion glabrous; rostral ridges inflated. Postorbital spines low and 
terminating anteriorly without spines. Branchiostegal spines blunt, 
munute. 

Cephalothorax surface punctate dorsally and granulate laterally. 

Cephalic portion of telson with one spine on each caudoventral 
corner. 

Epistome wider than long, ending bluntly anteriorly. 

Eyes normal. 

Antennules normal. No spine on any segment. 

Antennae extend to second or third abdominal segment. Anten- 
nal scale long, extending to or just anterior to the tip of the rostrum; 
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antennal scale length/width 1.49; nearly uniform width with sides 
nearly parallel. Antennal scale more or less rectangular; strong spine 
on anterior lateral end; heavily filamented on medial border. 

Right chela not depressed; palm inflated, bearing no spines; 
fingers recurved slightly ventrally from their bases; fingers heavily 
punctate dorsally and ventrally; no granulations are apparent. Im- 
movable finger with one large tubercle on basal third of opposable 
surface; rest of surface with small tubercles. Movable finger with no 
large tubercles on opposable surface. Entire surface covered with 
moderate sized tubercles. Opposable surface meets along anterior 
one-half but widely separated along posterior one-half. 

Carpus longer than wide, being longest on central position; well 
defined dorsal longitudinal groove. Three well-defined spines on 
mesial surface and one large ventral spine. Two large tubercles on 
dorsal and ventral surfaces at base of movable finger. 

Meropodite of first pereiopod with two prominent spines anteri- 
orly and dorsally. 

Hook present on ischiopodite of third pereiopod only. Hook is 
simple and curved medially. 

First pleopod extends to caudal margin of coxopodite of third 
pereiopod when abdomen is flexed, terminating in two prominent 
parts. Parts bent at 90° angle to shaft of pleopod. Central projec- 
tion corneous and blade-like; recurved caudomesiad; fusion line 
clearly defined. Mesial process bulbous and ending in a nipple-like 
projection. Lateral margin of endopodite is heavily bearded. 

Male form II. Similar to male I. Acumen more distinctly sep- 
arated from rostrum. Pleopods non-corneous and slightly recurved 
with less bearded lateral margin of endopodite. Hook of third ischio- 
podites absent or greatly reduced. Chelae reduced. 

Female. Similar to male form I. No hook on ischiopodites of 
third pereiopods. Annulus ventralis immovable, approximately as 
long as wide. Sinus depression on right side, turning medially at pos- 
terior end of depression until reaching midline, then proceeding 
caudally to posterior margin of annulus. Sternites of fourth and fifth 
thoracic segments are smooth and do not encroach on the annulus. 
The center of the depression appears scooped out, no knobs evident. 

Color—C. d. ludovicianus has a uniform coloration, with the 
juveniles showing the most brilliant coloration. The basic color is a 
brilliant blue with the ventral surface entirely cream. The abdomen 
has three longitudinal red stripes, with the base of the telson and 
uropods marked in red, as well as the margins of the uropods but 
not the telson. The first pereiopod is a light blue, with the second 
through the fifth pereiopods being cream colored. Fingers of the 
chelae are tipped in red. Joints of pereiopods are red. 

In the adult, usually only three longitudinal abdominal stripes of 
light red or orange persists, against a slightly blue background. 

Color pattern for this subspecies is diagnostic and is exemplified 
best in the juvenile form. 
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STATISTICAL ANALYSIS 


Specimens were divided into four categories: (1) juveniles (under 
15 mm cephalothorax length), (2) male form I, (3) male form II, 
and (4) adult females (including ovigerous and non-ovigerous indi- 
viduals) . 

Specimens were grouped geographically according to the major 
river drainages for simplification of handling the data. The river 
drainages are listed below in west to east, north to south sequence: 
North Platte, Missouri, Red, Sabine, Arkansas, Mississippi, Great 
Lakes, Wabash, Ohio, Tennesee, Pearl, Alabama, Chattahoochee, 
Delaware, Potomac, and Mid-Atlantic. No specimens were examined 
from the Arkansas drainage. The distribution of Cambarus d. ludo- 
vicianus, although including drainage into the Gulf of Mexico and 
the lower Mississippi River, is referred to as the Alluvial Fault Basin 
(Fig. 4). 

Line graphs are employed for pictorial representation of data 
(cf. Cazier and Bacon, 1949). Of the ratios calculated and graphed, 
the variation of all but one was so great as to be virtually useless. C. 
d. diogenes ratios are as follows: cephalothorax length/chela length, 
range 0.92-2.05, mean 1.33-1.50; rostrum length/width, range 0.93- 
2.04, mean 1.27-1.50; cephalothorax length/width, range 1.39-2.72, 
mean 2.06-2.29; chela length/dactyl length, range 1.27-2.34, mean 
1.56-1.70; chela length/palm width, range 1.70-2.74, mean 2.08-2.28. 
The above values overlap those for C. d. ludovicianus and are con- 
sidered of little value for this statistical analysis. Only the cephalic 
portion of the cephalothorax length/areola length ratio does not 
show the overlap in values. 


Geographical variation.—In the differentiation of the subspecies 
of C. diogenes, the one useful ratio is that of cephalic portion of 
cephalothorax length to areola length. Visual inspection of the plot 
of mean values for this ratio for all C. d. diogenes samples indicates 


Fig. 4.—Distribution of Cambarus diogenes ludovicianus. Each dot 
represents one sample examined 
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that the range varies from 1.41 to 1.48, excepting those of the Sabine 
and Wabash drainages (Fig. 5). When the Student’s ¢ is employed 
to determine the significance of difference between the mean value 
(1.44) for the entire sample of C. d. diogenes and that of each drain- 
age, two additional samples, the Mid-Atlantic and Red River drain- 
ages are found to vary significantly at the 5 percent level. 

The small mean (1.36) for the Wabash drainage is attributed to 
35 specimens from Wells Co., Indiana. The mean of the Wells Co. 
group is 1.33 (range 1.17-1.81, sp 0.14, sez 0.02). The 14 other 
specimens from this drainage have a mean of 1.43 (sp 0.10, sz 0.02) 
which is equal to that of the mean of the entire C. d. diogenes sam- 
ple. I cannot explain the low value for the Wells Co. group. The 
Wabash River in Wells Co., Indiana, cuts diagonally across the county 
in a southwesterly direction. The county is 850 feet above high tide 


PLATTE 
(30) 
RE D (27) 
SABINE (13) 
G. LAKES (+9) 
(eee) 
TENN, (19) 
PEARL (11) 
AL A.(+) 
CHAT.( 83) 
ELA. (78) 
POTOMAC (10) 
MID-ATL. (80) 


Fig. 5—Comparison of cephalic portion of cephalothorax length/areola 
length ratios by river drainages for C. d. diogenes. C. d. ludovicianus included. 
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level, is not surrounded by mountains, and is not geographically iso- 
lated from the surrounding area or the rest of the Wabash drainage. 
The river originates a short distance to the southeast in Ohio. Sam- 
ples from the headwaters of the drainage are not available. Exam- 
ination of specimens from this region is required to determine the 
exact status of the population. Perhaps some type of isolation has 
occurred, as in Colorado and Wyoming, and subspeciation is in prog- 
ress at the headwaters of the Wabash drainage. It should be empha- 
sized that the only difference between Wells Co. individuals and 
those from other areas is in the value of the ratio. Other morpho- 
logical features and all other statistics fall within the normal varia- 
tion of C. d. diogenes. 

The low mean value, 1.34, for the small (13 individuals) Sabine 
drainage sample was first attributed to sample size. However, the 
difference between the mean of all C. d. diogenes samples and that 
of the Sabine drainge is significant (¢ = 4.80) and the population 
deserves further investigation. Similar remarks may be made for the 
sample from the Red drainage. The mean value for 27 individuals 
is 1.39 and this is significantly different from that of the entire 
sample. 

The mean value for the Mid-Atlantic drainage is 1.48. Mention 
has been made of Ortmann’s (1906) and Rhoades’ (1944) eastern 
and western varieties. The significant deviation in mean value of 
the ratio for the Mid-Atlantic sample, plus the areola gap in the 
western form, indicates definite geographic variation. Isolation of 
the Mid-Atlantic drainage by the Appalachian and Allegheny Moun- 
tains is of considerable significance in accounting for this variation. 

From east to west the ratio of the cephalic portion of the cephalo- 
thorax length to areola length becomes progressively larger, with the 
largest ratios (i.e., shortest areolas) occurring in Colorado and Wyo- 
ming (1.45 and 1.47 respectively). Size of the crawfish also becomes 
larger the further one progresses westward (up to 65 mm cephalo- 
thorax weight). Also to be noted is that the areola is shorter in 
northern specimens and becomes progressively longer as one proceeds 
southward. 

The areola, then, steadily increases from east to west, north to 
south. 

Examination of this particular ratio in C. d. ludovicianus speci- 
mens (50) shows a mean of 1.24, considerably lower than for C. d. 
diogenes. This ratio is used as one of the major differentiation points 
between the two subspecies. 

Ortmann (1906) reported that C. d. ludovicianus was also found 
in Reelfoot Lake, Obion Co., Tennessee. Examination of specimens 
from this area (23) showed that the mean value of the cephalic 
portion of the cephalothorax length to areola length ratio is 1.43 
(sp 0.13, se 0.03). The soil of Reelfoot Lake area is not that of 
the Alluvial Fault Basin as found in Louisiana and apparently C. d. 
ludovicianus is limited to the Basin in Louisiana. The high mean 
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value for these specimens, the absence of the typical color pattern of 
the juveniles and adults, the greater width/length ratio of the 
annulus ventralis (1.49:1), and the range of these individuals places 
this population in the C. d. diogenes group. There is no evidence to 
conclude that a new subspecies is developing in this area. All ratios, 
color patterns and physical evidence refute the designation of this 
population as C. d. ludovicianus. 

Ontogenetic variation —Since the number of juveniles from each 
drainage is small, only the data from an eastern drainage and that 
from a western drainage (affording the largest number of specimens) 
were used. 

These examples are found in Figures 6, 7 and 8. The Mississippi 
drainage, extending from Wisconsin to the Gulf of Mexico, covers 
the largest drainage area. It is not necessary to divide the drainage 
into upper and lower fractions as the mean values from these two 
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Fig. 6.—Ontogenetic and sexual variation in cephalic portion of cephalo- 
thorax length/areola length ratio for C. d. ludovicianus. Adult specimens are 
grouped according to sex and cephalothorax length (M-Z). Juvenile specimens 
are grouped according to cephalothorax length (A-I). All measurements are in 
mm. Juveniles: A. 5-5.9; B. 6-6.9; C. 7-7.9; D. 8-8.9; E. 9-9.9; F. 10-10.9; 
G. 11-11.9 and I. 13-13.9. Adult females: M. 25-29.9; N. 30-34.9; O. 35-39.9; 
and P. above 40. Male form I: T. 30-34.9; U. 35-39.9; and V. above 40. Male 
form IT: X. 20-24.9; Y. 25-29.9; and Z. 30-34.9. 
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areas are almost identical (upper —1.46, lower — 1.44, combined 
— 1.45). 

Juveniles, male fo I and II, and females were grouped accord- 
ing to cephalothorax’ length into the following categories: juveniles, 
cephalothorax length in mm, 5-5.9, 6-6.9, 7-7.9, 8-8.9, 9-9.9, 10-10.9, 
11-11.9, 12-12.9, 13-13.9, 14-14.9; male forms I and II, and females, 
15-19.9, 20-24.9, 25-29.9, 30-34.9, 35-39.9, and over 40. The ratios 
were averaged for each. 

No male form I crawfish are found under 30 mm cephalothorax 
length. Male form II have been found to occur up to 45 mm in 
cephalothorax length. 

Ontogenetic variation in the cephalothorax length/areola length 
ratio is most noticeable among juvenile C. d. ludovicianus (Fig. 6). 
The smaller cephalothorax length, the larger the ratio, with the 
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Fig. 7.—-Ontogenetic and sexual variation in cephalic portion of cephalo- 
thorax length/areola length ratio for C. d. diogenes in the Mississippi drainage. 
Adults grouped according to sex and cephalothorax length (K-BB). Juveniles 
grouped in cephalothorax length only (B-J). All measurements in mm. Juve- 
niles: B. 6-6.9; C. 7-7.9; D. 8-8.9; E. 9-9.9; F. 10-10.9; G. 11-11.9; H. 12- 
12.9; I. 13-13.9; and J. 14-14.9. Adult females: K. 15-19.9; L. 20-24.9; M. 
25-29.9; N. 30-34.9; O. 35-39.9 and P. above 40. Male form I: T. 30-34.9; 
U. 35-39.9; and V. above 40. Male form II: W. 15-19.9; X. 20-24.9; Y. 25- 
29.9; Z. 30-34.9; A.A. 35-39.9; and BB. above 40. 
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smallest ratio occurring in the 13-14 mm group (1.30). A downward 
progression is found from a mean of 1.63 to 1.30. 

The largest mean value of the adults is 1.37. Apparently after 
ecdysis from juvenile to adult, the largest ratio is reached, which pro- 
gressively becomes smaller until the minimum ratio of the adult is 
obtained (1.24). 

In C. d. ludovicianus, form II males have a retrograde ratio, 
with the ratio slowly enlarging until the maximum for form I males 
is reached. At the maturation change from form II to form I, the 
ratio again becomes smaller until the minimum mean is reached 
(1.21). At this point, no further diminution of the ratio is found. 

The Mississippi specimens seem to show the best correlation (Fig. 
7). The ratio of the juveniles gradually declines until adulthood is 
reached. For form II males and for females, the ratio steadily de- 
clines until the minimum value is obtained. As form II males reach 
maturity and molt, the largest ratio of form I males is attained. The 
ratio again declines until the minimum value is obtained. 

Ontogenetic variation has been worked out for the Delaware 
specimens (Fig. 8), with the same ratio decline being evidenced from 
juveniles to adults. 

Therefore, an ontogenetic change in the ratio of cephalic portion 
of the cephalothorax length/areola length occurs in C. d. diogenes 
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Fig. 8.—Ontogenetic and sexual variation in cephalic portion of cephalo- 
thorax length/areola length ratio for C. d. diogenes in the Delaware drainage. 
Adults grouped according to sex and cephalothorax length (L-AA). Juveniles 
grouped according to cephalothorax length only (C-E). All measurements in 
mm. Juveniles: C. 7-7.9; D. 8-8.9; and E. 9-9.9. Adult females: L. 20-24.9; 
M. 25-29.9; N. 30-34.9; O. 35-39.9; and P. above 40. Male form I: T. 30- 
34.9; U. 35-39.9; and V. above 40. Male form IT: W. 15-19.9; X. 20-24.9; 
Y. 25-29.9; Z. 30-34.9; and AA. 35-39.9. 
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in that the ratio gradually decreases from the juveniles to the adult. 
This decrease is also evidenced in C. d. ludovicianus specimens. 


Lire History 


Specimens have been examined from the range of Cambarus 
diogenes diogenes in the United States from every month of the year. 
Males of form I have been examined from every month except Janu- 
ary, and the greatest numbers are found in April and September 
(Table III). 

Bundy (1877) reported ovigerous females in Indiana on January 
1, 1876. Tarr (1884) reported ovigerous females in the vicinity of 
Washington, D. C., in May. Ortmann (1906), in Pennsylvania, 
found copulation and hatching occurring in April, May and. early 
June, with no form I males occurring until late June and July. In 
Wisconsin, Graenicher (1913) reported the occurrence of ovigerous 
females from late March to the middle of May. Hay (1918) in In- 
diana, found copulation occurring on April 4 and eggs present. by 
April 17, indicating a two-week period between copulation and egg 
extrusion for this subspecies of crawfish. Creaser (1930) also found 
Michigan females with young occurring from April to June. Creaser 
(1932) found Indiana females with young in April and Michigan 
females in June. 

Specimens examined by the author included ovigerous females in 
March (1), April (19), May (17), and October (1). The last was 
taken in Maryland. Females with young have been found in April 
and May. 

All available evidence indicates that egg laying occurs in late 
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Tasie III.—Seasonal distribution of specimens of Cambarus d. diogenes 


examined, segregated according to age and sex (in each square, the upper 
triangle represents number of specimens; lower triangle represents percentage). 
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March, April and May, with the young hatching in April, May and 
June. ‘Only the Indiana record of Bundy of ovigerous females in 
January is an exception to the above. The October and January 
occurrences cannot be discounted, but indicate that copulation occurs 
at two times of the year — in late autumn (October and November) 
and in the early spring (March, April and May). This surmise is 
supported by the data collected by the author. 

Even though copulation occurred in October and November, 
there is only one record of an ovigerous female in that period (Bundy, 
1877). 

There appears to be a definite increase in the number of juveniles 
after May (Table II, June—75, July — 24, August — 32). The 
greatest number of juveniles occurred from April through July, indi- 
cating that copulation occurs in late March through May. 

The absence of juveniles in December through the middle of 
March seems to refute the thought that copulation occurs twice a 
year. Only the single October ovigerous female supports the idea of 
semi-annual copulation. Whether this single specimen was alive at 
the time of capture was not recorded. If alive, it is extremely doubt- 
ful that the eggs would have hatched’ before spring in Maryland. 
The developmental state of the eggs could not be determined in the 
preserved specimen. 

The C. d. ludovicianus specimens are few but revealing in the 


character of their seasonal distribution (Table IV). Ovigerous 
females were found only in December (1) and January (2). Juve- 
niles have been found in March and April, with the greatest abun- 
dance in March. Since the range of C. d. ludovicianus is character- 
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Tas_e I[V.—Seasonal distribution of specimens of Cambarus d. ludovicianus 
examined, segregated according to age and sex (explanation as in Table III). 
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ized by a relatively temperate climate, it is safe to say that copulation 
occurs in December and January, with hatching in March and April. 

Climatic conditions in the New Orleans area in December and 
January (mean temperature 55° F) are closely allied to those of the 
northern section of the country in March and April (mean tempera- 
ture 53° F). Hatching temperatures for the two subspecies are also 
closely allied, as the March and April mean temperatures (65° F) 
in New Orleans area are similar to April, May and June tempera- 
tures (62° F) in the northern section of the range. 

It is tentatively concluded, then, that copulation in C. d. diogenes 
occurs twice a year: (1) late autumn — October and November, and 
(2) early spring — March, April and May. The eggs hatch in April 
through July. For C. d. ludovicianus, copulation occurs once a year 
(December and January) with young hatching in March through 
May. 

A large series of specimens needs to be collected from the north- 
ern range of C. d. diogenes with particular emphasis on the appear- 
ance of the juveniles and the females with eggs. 

Copulation may occur only once a year for C. d. diogenes but 
present evidence does not support this premise. 


EcoLocy 


Burrows.—Individuals of all ages of Cambarus diogenes are bur- 
rowers of great efficiency, probably more adept in this habit than any 
other crawfish. For this reason, much time has been devoted to the 
observation of the burrows of this animal. The ecology of C. d. diogenes 
has been extensively investigated, and for this reason, only a brief 
summary is given here. Girard (1852) made extensive investigations 
of C. d. diogenes burrows around Washington, D. C. Of them he 
wrote: 

The holes, as they appear at the surface of the ground, are nearly 
circular, from seven-tenths of an inch to an inch and a half in diameter. 
The depths of the burrow varies according to the locations; this we gen- 
erally found to be from sixteen inches to two feet, and sometimes three 
feet or more. The construction of the burrow itself is often exceedingly 
simple; from the surface of the ground the excavation exhibits a gradual 
slope in direction, more or less undulating for a distance of from five to 
ten inches, when it becomes vertical for six or eight inches, and then 
terminates in a sudden, bottle-shaped enlargement, in which the animal 
is found, the bottom of the burrow having no subterranean communica- 
tion, no other issue except towards the surface; it is entirely isolated 
from its neighbors and leaves no chance for escape to its inhabitant. 
The same burrow may have several external holes connected with it, 
several inclined channels, which, however, meet at a depth where it be- 
comes vertical. We found constantly the cavity full of water, but this 
was in March and April; the bottom for several inches was filled with 
soft and pulpy mud. 

There are other instances of burrows somewhat more complex. 
Their direction may be oblique throughout their whole extent, and com- 
posed of a series of chambers or ovoid enlargements, succeed each 
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other at short intervals sometimes, also, and connected with one of the 
chambers, a narrow and nearly vertical tubuliform channel extends 
downward to a much greater depth, and appears to us as a retreat, 
either during the cold winters or else during the dryness of the summer, 
when the water is low. That it is not for the mere purpose of escaping 
pursuit, we infer from the fact that we repeatedly caught the animals in 
the chambers above, where they remain quietly instead of attempting to 
disappear into the apartment below. 


Tarr (1884) also studied the burrows of C. d. diogenes and gave 
essentially the same description as Girard had given above. Of the 
chimneys he wrote: 


There is every conceivable shape and size of chimney, ranging from 
a mere ridge of mud, evidently the first foundation, to those with the 
breadth of one-half the height. . . . They are always circularly pyramidal 
in shape, the whole being very smooth, but the outside was formed of 
irregular nodules of clay, hardened by the sun, and lying just as they 
fell when dropped from the top of the mound. A small quantity of grass 
and leaves was mixed throughout the mound but this was evidently acci- 
dental. 


In many cases the burrows have been found sealed by a plug of 
mud. Girard (1852) assumed that these plugs were made by the craw- 
fish pulling down the upper layers of the chimney to form a plug for 
sealing, but most of the workers felt that the plugs were accidental 


cave-ins. Williams and Leonard (1952) found chela marks under the 
plug and suggested that the plug was a constructed article. No one 
knows for certain the method of sealing. 


Habitat.—Creaser (1932) found adults in streams, rivers and 
lakes only during the breeding season in Michigan; he made no men- 
tion of the habitat of the juveniles. Hobbs and Marchand (1943) 
found adults in streams in June and July in the vicinity of Reelfoot 
Lake, Tennessee, and noted that young specimens (one or two inches 
in length) are common occupants of streams, and in some of the 
very small streams they seem to comprise the entire crawfish 
population. 

Penn and Marlow (1959) stated that this crawfish was either a 
primary or secondary burrower. The adults remain in their burrows 
except at spawning time; the juveniles burrow along the edges of the 
bodies of water and in seepage areas, hence they are frequently found 
in open water. Of the 30 Louisiana lots with ecological data, only 5 
are from burrows. The remainder are from aquatic habitats as 
follows: creeks (52%), ponds and upland sloughs (24%), overflow 
surface water (16%), and roadside ditches (8%). The majority 
(72%) were juveniles. 

C. d. ludovicianus apparently has a distribution limited by eco- 
logical barriers to a relatively small area of Louisiana. It has been 
found in an area described by Viosca (1933) as the alluvial hard- 
wood ridges and intervening swamps, marshes, and lakes at or near 
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Gulf level. This area is in southeastern Louisiana around the rim of 
Lake Pontchartrain and southward to within 50 miles of the Gulf. 
Only one collection from the Pearl River valley in Washington Par- 
ish (TU-2964) has been made in a similar habitat above Gulf level. 
Only four of the fourteen collections with ecological data were made 
from aquatic habitats, the other ten from burrows (7) and on the 
surface during heavy rains (3). The burrows excavated do not differ 
from those described for C. d. diogenes by various authors. 

As nearly as can be ascertained, C. d. ludovicianus is more of a 
nuisance than a destroyer. The subspecies is plentiful on Audubon 
Golf Course, New Orleans, and is a hazard only to the golfer’s score 
and temper. It does not destroy vegetation and is found in the lowest 
sections of the golf course. 

Chimneys have been examined up to twelve inches in height and 
three and one-half inches outside diameter. As many as six openings 
have been found for a single burrow, some openings being over six 
feet from the major passage. The water table in this section is less 
than a foot below the surface, and excavatisem$ show that burrows are 
more than half filled with water. The bottom of the chamber is occu- 
pied with soft mud. 

Food.—Gastric content examinations have been tried by Penn 
and associates but with little success. None of the gastric matter was 
conclusively identified. Laboratory feeding with special diets and 
examination of the resulting stomach mixture also failed to give com- 
parable food particle analysis. As yet, the exact diet of the crawfish 
in its natural habitat is in doubt. Better methods will have to be 
perfected for comparative analysis. 


SUMMARY 


Color patterns for Cambarus diogenes diogenes are twofold: (1) 
a general dark colored crawfish or olive-green on the dorsal surface, 
a cream colored ventral surface, red-tipped chelae, and (2) a striped 
phase with three longitudinal light red abdominal stripes, and essen- 
tially the same color pattern as (1) above. Wide variation occurs. 

The color pattern for C. d. ludovicianus is diagnostic for the sub- 
species, being brilliant blue with three red longitudinal abdominal 
stripes, best seen in the juveniles. Adult color is somewhat less 
brilliant. 

Subspecies differentiation between C. d. diogenes and C. d. ludo- 
vicianus is made on the following bases: (1) color patterns; (2) 
range; (3) cephalic portion of cephalothorax length/areola length 
ratio of C. d. diogenes being 1.44, never ranging below 1.40 and that 
of C. d. ludovicianus, 1.24, never ranging above 1.30; (4) the annu- 
lus ventralis of the female C. d. diogenes is 1.4 times as wide as long 
while that of C. d. ludovicianus is 1:1; (5) antennal scale length/ 
width of C. d. diogenes is less than 1.45, while that of C. d. ludovici- 
anus is more than 1.45. 

All C. d. diogenes in the United States show essentially the same 


A 


1960 MarLow: SUBSPECIES OF CAMBARUS DIOGENES 249 


ratios as given above. This is borne out statistically, except for a small 
number in Wells Co., Indiana, where the ratio approaches that of 
C. d. ludovicianus but is higher. No explanation is given for this 
situation. 

Ontogenetic variation has been shown to occur for both sub- 
species, with the cephalic portion of the cephalothorax length/areola 
length ratio gradually decreasing from juveniles to adults. 

Intra-sample specimens, although in large series, have little statis- 
tical value in the investigation of subspeciation of C. d. diogenies, as 
shown in large samples from Mississippi. 

The range of C. d. ludovicianus is limited to the Alluvial Fault 
Basin in Louisiana. No other specimens have been found in the 
United States to compare in cephalic portion of the cephalothorax 
length/areola length ratio and color pattern of this subspecies. 

Statistical values based on morphological features are advocated 


by the author for subspeciation differences within this group of 
crawfish. 
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Notes and Discussion 


Color Changes in Oligocottus snyderi Greeley 


Oligocottus snyderi is an intertidal fish along the Pacific coast, ranging 
approximately from central California to British Columbia. During low tides 
the fish can be found among the algae in pools of water. The fish show 
considerable variation in color, ranging from a clear translucent green to a dark 
brown (Bolin, 1944, Stanford Ichthyol. Bull. 3:1). Since field observations 
often indicated a correlation between the color of the fish and the color of the 
algae from which the fish were collected, the variation in color may result from 
the ability of the fish to acclimate to backgrounds of different color. 

Two animals were placed in each of a series of plastic dishes of which two 
were painted black; two, red; and two, white and illuminated by means of 
150 ft. c. of light. The fish on the black background were dark brown with 
little or no evidence of vertical banding. The pigment in both the red and 
black chromatophores was fully expanded. The fish in the dishes painted red 
were a lighter brown than the fish in the black dishes and vertical banding 
was evident, but not pronounced. The pigment in the red chromatophores 
was fully expanded, whereas the pigment in the black chromatophores was 
partially contracted. The fish on the white background became pale, with 
a pronounced vertical banding of alternating light and tan. The vertical bars 
extended from the dorsal fin to about half the distance to the lateral line. An 
irregular horizontal bar extended from the base of the pectoral fin to the base 
of the caudal fin. The pigment in both the red and black chromatophores 
was fully contracted. 

The black chromatophores lay over the white chromatophores. When the 
pigment in the black chromatophores was contracted, the white pigment con- 
tributed to the coloration of the fish, in general, acting to make the fish 
lighter. The banding was caused by the absence of the white chromatophores 
in certain areas. 

Two animals were placed in each of a series of plastic dishes of which 
two were lined with brown algae; two, with red algae; and two, with light 
green algae. The condition of the pigment in the chromatophores was similar 
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to that described above. The fish on brown algae showed chromatophores 
with black and red pigment expanded. The black pigment was partially con- 
tracted and the red pigment was expanded in the chromatophores of the fish 
in dishes lined with red algae. On the light green algae, the fish became 
light, but the banding appeared as described above. The banding that appears 
in the fish on light backgrounds may function as disruptive coloration; since in 
the normal habitat of the fish, shadows are cast by the overhanging algae 
along the sides of the rocks where the fish are found at low tide. 

The chromatophores were difficult to stage as the fish were highly excitable 
and blanched when stimulated. Upon blanching, the fish become a translucent 
green. All chromatophores were fully contracted. The response occurred in 
no longer than a minute. The rapidity and nature of the response indicate 
that the blanching was caused by adrenalin (Odiorne, 1957, The Physiology 
of Fishes, Chapter VIII, Vol. 2). An attempt was made to anesthetize the 
fish with urethane in order that the chromatophores could be examined more 
thoroughly. However, this treatment resulted in the fish becomin; a little 
darker, regardless of the background on which the fish were placed. 

Because a diurnal rhythm of pigment expansion by day and pigment con- 
traction at night is known for many Crustacea, O. snyderi was examined to 
determine if such a diurnal rhythm existed. Fish were placed in gallon jars 
that were painted black and covered so that the fish could receive no light. 
The fish were examined periodically during the day and night for color changes. 
No rhythm of color change was observed. All of the fish tended to become 
dark in the dark jars. 

The pattern of color changes in O. snyderi seems best interpreted as a 
mechanism that provides protective coloration on the varied backgrounds pro- 
vided by rock and algae in the intertidal environment—KeENNetTH B. Ar- 
MITAGE, Department of Zoology, University of Kansas, Lawrence. 


Book Reviews 


REPRODUCTION IN Domestic ANIMALS, Volume I. Edited by H. H. Cole and 
P. T. Cupps, with a Foreword by Herbert M. Evans. Academic Press, New 
York. xv-+ 651 pp., 146 figs., 42 tables. 1959. $14.50. 


This book was designed for advanced students and research workers in the 
field of reproduction, and for clinical veterinarians. The current trend to pro- 
duce textbooks with multiple authors, each a specialist in his area, has been 
dictated by economics and by rapid advances taking place in some fields. The 
multiple-author approach has advantages and disadvantages. Often lacking 
is a logical development of the subject matter from chapter to chapter. Care- 
ful planning has obviated such criticism of the present work. Overriding 
advantages are the expression of more than one viewpoint, a lessening of the 
danger of dogmatism, and greater assurance that each chapter will be up-to- 
date and authoritative. 

Seven chapters examine the roles of the endocrines and nervous system in 
reproduction. Miriam E. Simpson discusses anterior pituitary gonadotropins, 
the regulation of their production and secretion, and titers and survival times 
in body fluids. C. W. Emmens considers the gonadal hormones, their effects in 
embryos, and the results of gonadectomy. Relaxin is discussed briefly. Assay 
methods are described and there is a short discussion of estrous cycles. Thyroid, 
adrenal and posterior pituitary hormones are discussed by Charles W. Turner. 
“Normal” variations in thyroxine secretion rates among individuals of the same 
species as a result of environmental or genetic influences are emphasized and 
abnormal states are discussed. Considerable attention is given to thyroid 
function in birds. The adrenals are treated briefly, as are the effects of oxy- 
tocin on smooth musculature, semen transport, and milk let-down. An unusually 
objective, lucid account of the postulated or established roles of the ovary, 
pituitary, placenta, and fetal hormones in pregnancy, and of the less direct 
effects of certain other endocrine substances, is presented by Hubert R. Catch- 
pole. Generalizations are followed by a short but informative consideration of 
some special aspects in domestic species. Hormonal factors affecting gestation 
length and the onset of parturition are described by M. T. Clegg. A table of 
the gestation periods of fifty-eight common breeds of livestock is included. 
Joseph Meites considers hormonal requirements for mammary growth and 
lactation, and reviews theories relating to the inhibitions of lactation during 
gestation and its onset at parturition. A discussion of milk yields after hormone 
treatment will interest dairy scientists. An excellent discussion of present 
knowledge of neural factors affecting the release of pituitary gonadotropins, 
mating behavior, parturition and lactation is presented by William F. Ganong. 
Considerable attention is given to the experiments relating to the role of light 
in stimulating reproductive processes in birds and ferrets. 

Five chapters describe the estrous cycles of the cow (William Hansel), mare 
(Victor Berliner), ewe and dow (T. J. Robinson), sow (J. M. Boda), and 
dog (A. C. Andersen and Eloise Wooten). Cyclic changes in the reproductive 
organs, endocrines, and in behavioral patterns are delineated and techniques 
of external control of the cycles are presented. The collection of these data 
into one volume has been a valuable service to students of mammalian repro- 
duction. 

Four chapters are concerned with the anatomy of reproductive organs of 
certain domestic forms, extraembryonic membranes and placentas of artio- 
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dactyls, perissodactyls, and carnivores, and conventional descriptions of meio- 
sis, maturation, ovulation, gamete transport, fertilization and cleavage. Con- 
tributors are Lemen J. Wells (female organs), Logan M. Julian and Walter 
S. Tyler (male organs), C. R. Austin (fertilization and early embryology), 
and Elmer B. Harvey (extraembryonic membranes). That the editors felt 
obliged to include these chapters in an advanced work suggests they may have 
misgivings concerning the academic preparation of some segments of their audi- 
ence for advanced study and research. These chapters are well-written and in 
no way detract from the excellence of the book; but, they do add to consumer 
costs. Comparative anatomists will find interesting reading in several of these 
chapters. 

Each chapter cites a wealth of pertinent literature. There are 1,324 refer- 
ences in the seven chapters on reproduction physiology alone. Many excellent 
original tables, graphs, drawings, and photomicrographs supplement the text 
throughout. There is an Author Index of 31 pages as well as a usable Subject 
Index. Together with parts of Gorbman’s Comparative Endocrinology, Velar- 
do’s Endocrinology of Reproduction, and Pincus and Thimann’s The Hormones 
(the last also by the Academic Press), much of the present work should be 
required reading for every serious student of reproduction physiology.—G£rorGE 
C. Kent, Jr., Louisiana State University, Baton Rouge. 


A oF SovuTHERN By Robert H. Mohlenbrock and John W. 
Voigt. Southern Illinois University Press, Carbondale. ix -+ 390 pp., 10 
pls., 67 figs. 1959. $7.50. 


This attractively styled manual will be of interest to botanists in several 
Midwestern states, since the flora of southern Illinois includes a considerable 
number of different floristic elements which grow in a rather wide range of 
habitats. The handsome printing and well-selected photographs should add 
considerably to the appeal of the book for students. 

The ecological approach of the authors should also make the book stimulat- 
ing for class use, since it emphasizes the behavior of species as components of 
living vegetation rather than as morphological types. On the whole the keys 
appear to be well-constructed and easy to use, although the lack of any addi- 
tional descriptions for individual species may make it easy for students to go 
astray in such complicated genera as Desmodium. 

It would be unfair to criticize adversely such a carefully prepared work as 
this, but the reviewer would like to make a few suggestions which might be con- 
‘ sidered in future editions. The author’s alignment of taxa in the sequence as 
they are keyed out but without any numbers (except for families) can lead to 
confusion. This is especially true in large families such as the Leguminosae and 
Compositae, where the user of the key to genera may have to thumb through a 
number of pages looking for the genus. It would seem preferable to either 
arrange genera alphabetically within the family, or better, to number them. 

A striking omission in the book is the lack of a map showing the area 
covered by the flora and the more important localities. For those using it as a 
field manual or interested in local plant distribution, such a map would surely 
be a great convenience. A short glossary of botanical terms would also be 
useful but is not absolutely necessary since students presumably would have 
access to other textbooks. 

These are all minor points, however, and it should be emphasized that the 
Flora appears to be quite adequate for use in its present condition. The authors 
have certainly succeeded in their goal of publishing a book which will interest 
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amateur naturalists as well as applied biologists. It is to be hoped that other 
regions in the Midwest may someday be supplied with floristic treatments as 
well done as this one—Grapy L. WesstTer, Purdue University, Lafayette, 
Indiana. 


Guwe To THE ReEpTILEs, AMPHIBIANS AND FrRESH-WATER FISHES OF FLOR- 
wa. By Archie Carr and Coleman J. Goin. University of Florida Press, 
Gainesville. Reissue, 1959. 341 pp., 30 figs., 67 plates. Cloth $8.00. 


The first printing (1955) of this attractive guide to the cold-blooded verte- 
brates of Florida was so well received as to warrant a reissue. The con- 
tinued demand is a tribute to the lucid descriptions, informative illustrations, 
and well-constructed keys. The use of the latter by the uninitiated is en- 
hanced by excellent text figures depicting basic morphology and by inclusion 
of an adequate glossary for each group treated. 

While this is a reissue and not a revision, the reversed legend of Plate 10, 
present in the 1955 issue, has been corrected.—Rosert E. Gorpon, University 
of Notre Dame, Notre Dame, Indiana. 


MANUAL OF VEGETATION ANALYsIs. By Stanley A. Cain and G. M. de 
Oliveira Castro. Harper and Brothers, New York. 325 pp. Illus. 1959. 
$7.50. 


It has been frequently asserted that the usual phytosociological methods 
and concepts developed in the temperate regions are inapplicable to the tropics. 
One of the virtues of the present manual is that it devotes part of its space to 
a consideration of phytosociological techniques as applied to tropical forests in 
Brazil. Although not a study of tropical vegetation per se, “it does recognize 
the existence of the tropics and some of its problems, and that is something.” 
Since the tropics are notably underrepresented in ecological literature, this 
emphasis is timely and might have been used as the basis of a subtitle for 
this volume. 

The authors have envisioned the manual as providing a guide, not a “cook 
book” of recipes, to vegetational analyses at all levels ——from preliminary 
reconnaissance with a large descriptive and subjective, even intuitive, com- 
ponent to more restricted and thus more intensive and objective studies. The 
aims, research facilities and time available will, as the authors point out, 
condition the selection of the concepts and methods used. Concepts and 
methods of both European and American schools of phytosociology are included. 

An early chapter on floristics acknowledges the debt and relationship of 
phytosociology to plant geography. This reviewer, whose work has largely 
been in phytosociology, was surprised recently to find that he was regarded 
by some ecologists as a plant geographer; ecology properly being reserved for 
physiological ecology or autecology. The view of the authors that studies of 
vegetation are a “logical antecedent to physiological-ecological work” makes 
the reviewer again a “comfortable ecologist.” 

The discussion of reconnaissance points out the danger of being misled 
by seeing only the flood plain forests along the main arteries of transportation, 
the rivers, much as the early explorers of eastern North America saw what 
seemed a continuous pine forest. Some danger exists in more developed 
regions that ecologists may see largely what borders on the highways. 

A substantial portion of the manual is devoted to a discussion of the tra- 
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ditional quantitative analytic and synthetic characteristics of plant ecology 
with briefer coverage of the qualitative characteristics. Most of this material 
is not new, although contemporary textbook coverages are not as up to date 
nor as clearly and comprehensively stated. Of particular interest is the 
exemplification of these characteristics in a tropical vegetation, the rain forest, 
although the book is not restrictive in its application. The authors warn 
against becoming circumscribed by method and make clear that there is no 
universal approach to vegetational study or description. 

The discussion of the techniques and problems of sampling and the phyto- 
sociological measures, frequency, density and dominance is clear and compre- 
hensive as might be expected, since the senior author has made major con- 
tributions in this area of ecology. This reviewer believes that more attention 
might have been given to the more recently developed rapid sampling methods 
particularly emphasizing their relative speed and efficiency. Raunkaier’s “Law 
of Frequency” is critically considered and misunderstandings surrounding it 
are clarified. The concept and utility of minimal area is examined at length. 
However, the use of the minimal area to determine the size of quadrat as cited 
in the manual has been questioned, most recently by Grieg-Smith in his “Quan- 
titative Plant Ecology.” 

Methods of combining the characteristic measures of number, coverage and 
pattern for purposes of description and analysis of communities are described 
and various useful tabular and graphic methods outlined. The use of the 
term “combined frequency” for the average frequency of a species in several 
stands may lead to some confusion especially, since the glossary describes it 
as the “total figure” which implies the sum of the several frequencies. 

The last chapter deals with the use of life form and leaf size as a means 
of describing and classifying vegetation. 

In brief, the manual provides a spectrum of phytosociological snisiiasiabiis: 
well presented and affording an excellent introduction to the specialized and 
extensive literature on the subject of vegetation study. The reader is not 
led in the path of phytosociological righteousness but is provided with various 
caveats and urged to select the methods appropriate to his own aims and needs. 
—Rosert P. McIntosu, University of Notre Dame, Notre Dame, Indiana. 


RapiATION, GENES, AND MAN. By Bruce Wallace and Th. Dobzhansky. Henry 
Holt and Company, Inc. 205 pp. 1959. $3.50. 


This timely book gives a scholarly presentation of one of the more urgent 
scientific problems today, namely, an evaluation of the magnitude of genetic 
radiation damage to human populations. The argument of the authors can be 
reduced to the following points: Radiation induces gene mutations. The vast 
majority of mutations are harmful. Mutations introduced into the human popu- 
lation may hari individuals for many generations to come. Consequently, 
radiation exposure must be kept to an unavoidable minimum. The problem 
of determining what constitutes an unavoidable minimum is extremely difficult, 
since, in our present society, it is impossible to eliminate radiation exposure, 
and, indeed, increasingly difficult to keep radiation exposure from encompassing 
larger and larger segments of the population. The authors point out that the 
most important source of radiation to which human populations are at present 
exposed is neither background radiation, nor atomic bombs, but the X-ray 
machines in hospitals and in doctors’ offices. Of increasing importance is the 
fact that more and more persons are employed by industrial plants that use X 
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or gamma radiation to inspect their products. The use of nuclear energy for 
the production of power on a large scale is imminent. 

The authors present in lucid style a thorough treatment of the basic scien- 
tific facts of radiation physics, genetics, and, particularly, population genetics, 
all of which are necessary information for anyone whe wishes to pass judgment 
on whether — or, rather, to what extent — man should be exposed to radiation. 

The authors show an admirable open-mindedness in presenting both sides 
of the controversy, and make it very clear that there are broad areas in which 
our present scientific information is woefully inadequate. The need of experi- 
mentation with mammals to test the validity of extrapolating information 
secured with lower forms of life is an acute need. The difficulty or impossibil- 
ity of experimenting with humans is a serious limitation. 

Of particular interest is the authors’ treatment of radiation damage and 
value judgments. We must decide, for example, whether in the detection and 
treatment of various diseases the genetic damage we are inflicting on succeed- 
ing generations by the inadvertent, and, for practical purposes, unavoidable 
exposure of human germ cells to X-rays plus the chance of inducing leukemia 
or other malignancy in the person examined outweigh the benefit of early de- 
tection and possible cure of the disease under consideration. In reaching such 
decisions, the benefits expected from a given course of action must be weighed 
against the risks incurred. Decisions of this kind, the authors point out, will 
depend to a large extent on the ethical standards or basic philosophy of a given 
person, group, or commonwealth. We cannot disregard the damage that will 
befall future generations, even though our emotional involvement in these gen- 
erations is slight. 

This book should be required reading and study for anyone before he makes 
any pronouncement concerning the effects of radiation on the human race. 


—C. S. Bacuorer, C.S.C., Department of Biology, University of Notre Dame, 
Notre Dame, Indiana. 
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